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Naval Architects Say: 


KAMEWA SAVES US 


Consider the poor naval architect wrestling with 
fixed propeller design. Shall he pitch the blades for 
maximum speed, maximum load, maximum economy 
... or settle for an unhappy compromise? 

Should he specify a costly, oversize engine to take 
care of maximum loads — thereby wasting power 
most of the time . . . or should he figure on normal 
loads and condemn the owner to frequent lay-ups 
and expensive engine overhauls due to overloading? 

You can see why designers hail KaMeWa control- 
lable pitch propellers as the solution to problems as 


KAMEWA W 
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A MILLION ULCERS! 


old as screw propulsion. With KaMeWa, you can fit 
the pitch to the situation instantly and exactly. With 
automatic overload control and instant pitch control 
from the bridge, you get full horsepower utilization 
without the stresses and strains of overloading, faster 
average speeds, and minimum power costs through 
constantly operating at maximum efficiency. 


Write today for complete information in terms of 
vessels of your size and type. Address Dept. ME, 
Bird-Johnson Company, South Walpole, Mass. 


Controllable Pitch 


PROPELLERS. 


Sales Office: 21 West St., New York 6, New York 
In Canada: A. Johnson & Co., Ltd., 607 Shell Tower Bidg., Montreal 2 
Pacific Coast: -H. J. Wickert & Co., Inc., 770 Folsom St.. San Francisco 
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S.S. SAVANNAH. 1818 
U.S.S. SAVANNAH 1918 
U.S.S. SAVANNAH 1933 
S.S. SAVANNAH 1935 


IN 1960, POWER BY B&W WILL DRIVE THE NEW 


N.S. SAVANNAH 


WORLD'S FIRST NUCLEAR MERCHANT SHIP 


Here is marine history in the making. This, the fifth American 
“Savannah,” introduces tomorrow's U.S. Merchant Fleet today. This 
Atomic-Age pioneer will run approximately 3 years without refueling 
on a nuclear system designed, built and erected by B& W Engineers. 

The oldest “Savannah,” built in 1818—about 50 years too early to 
have the advantages of a B& W boiler—was also a pioneer. She was 
the first steamer ever to cross the Atlantic. 

After her came the SAVANNAHS 1918... 1933... and 1935. All 
steam-powered . . . and all steam-powered by B&W. 

Since 1875, when B&W installed its first marine boiler, The 
Babcock & Wilcox Company has been the accepted leader in marine 
power. B&W is proud of its part in this significant forward step in 
marine engineering and in the peaceful use of the atom. The Babcock 
& Wilcox Company, Boiler Division, Barberton, Ohio. 


M-411 


THE BABCOCK & WILCOX COMPANY 
© ecw. 


BOILER DIVISION 
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BUFFALO PUMPS-RELIABILITY FOR MARINE SERVICE 


Where reliability, ease of servicing, low maintenance requirements and high efficiencies are 
important factors governing your selection of marine pumps, specify and install “Buffalo” 
for complete satisfaction. Buffalo Pumps have proven their ability on thousands of marine 
installations on tankers, submarines, passenger liners and naval craft. Here are brief details 
on three widely used “Buffalo” models. 


“BUFFALO’ VERTICAL DOUBLE 
SUCTION PUMPS 


These “Buffalo” pumps are widely used for clear 
water handling. Their compact design saves valuable 
space. Vertically split pump casing affords easy 
access. Detaching one side of casing permits inspec- 
tion of impeller and removal of complete rotor 
assembly. Casing has easily renewable bronze wear- 
ing rings. Available in capacities to 14,000 GPM. 


“BUFFALO” CLOSE-COUPLED SINGLE SUCTION PUMPS 


For “close quarters” installations, particularly where headroom may 
be a problem, the “Buffalo” Close-Coupled Pump has proven effec- 
tive. Offered in six models, almost unlimited applications are 
possible. Pump is rigidly attached to motor with easy access to 
stuffing box for adjustment. Pump shaft is extended motor shaft, 
designed for minimum deflection, maximum strength. Wide inter- 
changeability of parts reduces spare parts inventory. Capacities to 
1100 GPM. Bulletin 975-F. 


“BUFFALO” SINGLE SUCTION MULTISTAGE PUMPS 


Designed for smooth, vibrationless operation, the “Buffalo” Multistage Pump 
is welcomed aboard ships where quiet performance is especially desirable. Available 
in two and four stage models in several sizes. May be used on clear water, hot or cold at 
pressures up to 1500 ft. head and at capacities from 20 GPM to 900 GPM. Typical “Buffalo” “Q” 

Factor Quality construction is used throughout as in all Buffalo Pumps. Bulletin 980 for details. 


BUFFALO PUMPS 


Division of Buffalo Forge Co. 
535 Broadway, Buffalo, N. Y. 
Canada Pumps, Ltd., Kitchener, Ont. 
Marine Department, 711 Woodward Bldg., Washington 5, D.C. 


A BETTER CENTRIFUGAL PUMP FOR EVERY LIQUID 
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GEST. 


is powered by C-E Boilers 


The Edmund Fitzgerald, largest ship on the Great Lakes, 
was built by Great Lakes Engineering Works for The 
Northwestern Mutual Life Insurance Company. She is 
chartered to Oglebay Norton Company and is operated 
by its Columbia Transportation Division. 

This big bulk carrier has a carrying capacity of a 
million tons per season. Since a season on the Lakes is 
limited to about 712 or 8 months, such results can only 
be achieved by a schedule which calls for a maximum 
number of cargoes with minimum turn-around time. 

‘||| a Obviously, the maintenance of such a schedule depends 
| wi upon the service reliability of equipment, since there is 
Ml ve no opportunity for major machinery repairs. 

4 The Fitzgerald is equipped for that kind of service 
with two C-E Vertical Superheater Boilers, Type V2M, 
fitted with tubular air heaters for heat recovery. Each of 
these coal-fired boilers is rated at 32,700 pounds of steam 
per hr., normal ... and 36,000 pounds per hr., maximum. 
C-E Vertical Superheater Boiler, Type V2M C221 


COMBUSTION ENGINEERING 


Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y. 
CANADA: Combustion Engineering-Superheater Ltd. 


GULL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS; FLASH ORYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 
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Grace Line’s new Santa Rosa has the largest 
outdoor swimming pool on any ship. Clad with 
Monel, it is more sanitary and easier to main- 
tain than tile, which often cracks with a ship’s 


Aboard the new Santa Rosa... 
In largest outdoor pool afloat— 
corrosion-resisting Monel does swimmingly well 


Seagoin’ Monel* makes a big splash 
on the Santa Rosa! For the swim- 
ming pool of this 25-million dollar 
liner—the largest outdoor pool on any 
ship —is lined with Lukens Monel- 
clad steel plate. That means there’ll 
be no cracking from the ship’s move- 
ment in this pool, which is so often 
the case with tile pools. 

The Santa Rosa’s designers real- 
ized that Monel nickel-copper alloy 
provides the perfect combination of 
sea water corrosion resistance, easy 
maintenance and handsome appear- 
ance, plus the strength of structural 
steel. And with Monel under the 
coated beach area around the pool, 
peeling or paint chipping will be no 
worry, either. 

Seagoin’ Monel can be the answer 
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to many of your metal problems. In 
deck fittings ...in salt water evapo- 
rators... valve stems...valve trim 
and in many other marine uses, 
Monel alloy gives long service life 
where corrosion is a problem. 


When you’re designing or refitting 
a ship, depend on Monel to do as 
much for you as for the designers 
of the Santa Rosa’s pool. Wherever 
metal is subject to corrosive attack, 
Inco Nickel Alloys offer the protec- 
tion you want. 


You can also depend on Inco’s cor- 
rosion engineers for assistance. Just 
send in your questions and our tech- 
nical staff will be glad to suggest 
practical solutions. 


*Monel and Seagoin’ are registered trademarks of 
The International Nickel Company, Inc, 


movement. The pool is 34 feet by 22% feet. Its 
constantly changing 38,500 gallons of water are 
prevented from spilling over the deck by a Monel 
grilled overflow completely circling the under edge. 


Underway at sea, the Grace Line’s new 
Santa Rosa heads for the Caribbean. 
She was built by the Newport News 
Shipbuilding and Dry Dock Company 
especially for warm weather cruising 
— air conditioned throughout and with 
generous space for outdoor recreation. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street she, New York 5, N.Y. 
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AVA/LABLE NOW FOR 
ANY WEAPONS SYSTEM: 
SCATE— Stromberg-Carlson 


WE. A PO NS Automatic Test Equipment 
T Q U/ M E N 7 Completely solid state; modular. 


e Punched Mylar tape with photo- 
electric reader programs tests at 
rates up to 7,000 bits per second. 
e Tests any weapons system, com- 
ponent or sub-assembly. 

e Follows weapons system from 
prototype to operational status. 

e Self-checking; self-calibrating. 

e Detailed fault location down to 
the smallest resistor. 

e Provides rapid HI-GO-LO and 
numerical evaluation as well as 
permanent printed record. 


e Reduces cost and time of design- 
ing test equipment for each indi- 
“vidual requirement . . . because 
most modules are standard. 

e In a typical case, SCATE has 
reduced a 12-hour manual testing 
program to less than 5 minutes — 
a reduction of over 99%. 

Today’s SCATE system —cur- 
rently in production for an ad- 
vanced weapons system —is equal- 
ly applicable to those of tomorrow. 

H. C. Sager, Manager of Sales, 
is available to discuss your specific 
application. Literature on request. 


Engineers with expe- 
rience in the above 
area may contact the 
Manager of Techni- 
cal Personnel at the 
address below. 


STROMBERG -CARLSON 
a oivision or GENERAL DYNAMICS 


1400 N. GOODMAN STREET e ROCHESTER 3, NEW YORK 
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A vital link in the U. S. Navy’s atomic fleet 
was forged on May 15, 1959, when our 
Quincy, Mass., shipyard laid the keel for the 
first nuclear-powered guided-missile frigate, 
DLG(N)-25. The sketch above is an artist’s 
conception of the ship, which will bear the 
name of Commodore William Bainbridge of 
Old Ironsides fame. Scheduled for completion 
early in 1962, the Bainbridge will have an 
over-all length of 540 feet, breadth of 56 feet, 
displacement of approximately 7,600 tons, 
and virtually unlimited cruising radius. 

With the nuclear submarine already in 


service, and construction well underway on : 


the first nuclear aircraft carrier and first 


important component in our Navy’s combat 
fleet of tomorrow. Fast and powerful, with 
unparalleled anti-aircraft and anti-submarine 
weapons, she will assume the dual role of the 
conventionally powered light cruiser and 
destroyer. 

Already under construction at our Quincy 
Yard is the 14,000-ton, guided-missile nuclear 
cruiser, USS Long Beach. Scheduled for com- 
pletion in 1960, she will be our Navy’s first 
atomic surface warship. 

Bethlehem’s pioneering work in the field 
of marine nuclear propulsion was a major 
consideration in selecting the builder of these 
vital ships. It’s another example of how 
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nuclear cruiser, the DLG(N) is another 


SHIP REPAIR YARDS 


Boston Harbor New York Harbor 
Baltimore Harbor Beaumont, Texas 
LosAngelesHarbor San Francisco Harbor 


SHIPBUILDING YARDS 


Quincy, Mass. Staten Island, N. Y. 
Sporrows Point, Md. Beaumont, Texas 
San Francisco, Calif. 
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Bethlehem serves our Navy and our nation. 


BETHLEHEM STEEL 
Shipbuilding Division 


GENERAL OFFICES: 25 BROADWAY, NEW YORK 4, N. Y. 
Telephone: Digby 4-3300 Cable address: BETHSHIP 
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CUTLESS BEARINGS 


Stern Tubes and Struts 


Soft rubber bearing surface—efficiently lubricated by water—this bearing far outlasts all hard surface types, protects 
propeller shafts, reduces vibration. More than pays for itself in extra wear alone. Saves you time, trouble, and upkeep 


LUCIAN MOFFITT, INC. 


Akron, Ohio 


i. Materials for 


MARINE SERVICE 


Incombustible Materials Acoustical Materials 
tos Ebony for Switch ead Panel Boards « Structural Insulati 


and Engine Room Insulations + Packings Gaskets 


Johns-Manville 
x 290, New York 16, N. Y. 


H. NEWTON WHITTELSEY AVALARCHITECTS 


Inc. MARINE. ENGINEERS 


NAVAL ARCHITECTS | MARINE ENGINEERS M. ROSENBLATT & SON, Inc. 


17 BATTERY PLACE, NEW YORK 4, N. Y. | | NEW YORK CITY SAN FRANCISCO 
350 BROADWAY 216 MARKET ST. 
BEekman 3-7430 EXbrook 7-3596 
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WORTHINGTON MARINE SERVICE COVERS THE GLOBE. No less than 121 foreign distributors and 12 separate foreign 
manufacturing plants assure you of Worthington Marine Service nearly anywhere a ship can dock. 


Sor 
vil 


FRANCE 


Turbo-Tanker VENTURE Saves Weeks of Time Because Worthington Marine Service Spans the World 


This is the story of Tanker Ventures 
S.A.’s21,000tontanker,T/T VENTURE. 
The T/T VENTURE was 
built in the Uraga shipyards 
in Japan. The main cargo oil 
pumps and turbines were 
supplied by Niigata Worth- 
ington Co., a subsidiary of the parent 
corporation. The equipment was installed 
under the careful supervi- 
sion of Niigata’s marine 
specialists. 

On March 6, 1959, during 
the annual survey tests in 
Italy one of the turbine rotors was seri- 
ously damaged. The Owners asked 
Worthington’s Marine Division to manu- 
facture a replacement rotor and parts as 
soon as ype Worthington’s Wells- 
ville, N. Y., plant completed the job in 


record time but... 

.-T/T VENTURE’S next 
port of call was Lavera, 
France. So Worthington 
shipped the replacements 
by air to France to await the ship. The 
vessel arrived April 1 and the job was 
supervised by a service engineer from 
Societe Worthington, our French asso- 
ciated company which has complete fa- 
cilities for both manufacture and service 
of Worthington products. 

Unusual? Yes and no. Yes, it’s unusual 
that one ship would require the services 
of three widely separated Worthington 
facilities. No, it’s not unusual for a vessel 
in trouble to find Worthington Marine 
Service at its next port of call. Around 
the world there are 121 Worthington 
foreign distributors and 12 separate man- 


ufacturing plants. Many of these offer 
you fast service combined with an exten- 
sive line of marine auxiliary equipment. 

For more information about Worth- 
ington’s complete line of pumps, com- 
pressors, steam turbines, diesel engines, 
condensers, deaerators, ejectors, and re- 
frigeration and air conditioning equip- 
ment, writeto Worthington Corp., Section 
106-3, Harrison, N. J. 


WORTHINGTON 
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Westinghouse Thermalastic insulation 


Thermalastic® insulation on motor and generator 
coils lasts 10 times as long as conventional insulation, 
even under the rigorous conditions and salt-laden air 
of marine service. Still, the cost is no higher than 
ordinary insulations. This is an example of Research 
by Westinghouse which creates better, longer-lasting 
marine auxiliary and propulsion equipment. 
Conclusively proved in years of operations, Ther- 
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malastic insulating systems have a tensile strength 
30 times normal and will withstand over-voltages 
without failure far longer than conventional insula- 
tions. With such prolonged coil life, simple bearing 
maintenance results in maximum reliability and 
trouble-free service from motors and generators. 

You can obtain this exclusive, patented Therma- 
lastic protection for your equipment now at no 


h additional cost over conventional insulation, whether 
=r you are repairing old equipment or installing new. 
a- Take advantage of this and many other unusual 
ig Westinghouse developments in selecting the equip- 
id ment for your next ship construction. Contact your 
3. local Westinghouse sales engineer or write, 
a- Westinghouse Electric Corporation, 3 Gateway 
10 Center, P. O. Box 868, Pittsburgh 30, Pa. 


makes generators last times longer 


A marine generator stator insulated with Thermalastic®. This 
exclusive, patented resin penetrates and bonds with mica 
flakes to become a tough, flexible, void-free casing that expands 
and contracts with the coils, yet never splits nor cracks. 


you CAN BE SURE...1F ITS 


Westinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS” 
CBS TV MONDAYS 
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C.H. Wheeler Condensers, 
main and auxiliary, 
occupy little room, weigh 
comparatively little, have 
Center Lane Tube Layout 
to speed longitudinal steam 
travel and permit quick 
penetration of steam to 
bottom row of tubes. 


C.H. Wheeler Tubejet ® 
Ejectors answer problems 
raised by today’s high 
boiler pressures and 
temperatures. They remove 
large quantities of vapors 
at high vacuums. Light, 
compact, dependable, too! 


and Telemotors— 


C.H. Wheeler Deck 
Machinery includes 
Electric and Hydraulic 
Winches, Electric 
Hydraulic Windlasses, 
Electric Warping 
Capstans, Boat and 
Aircraft Cranes, 

Hoists and Elevators. 


High-Capacity Corrosion-Proof Fire Pumps; 


nearly everything § 


Marine Division 


Tubejet,, EKjectors, Steering Gears 


Electro-Hydraulic Steering 
gears are available in a 
complete range of sizes 
for every type vessel, 
from tug boats to 
supercarriers. 

C.H. Wheeler also makes 
automatic, self-centering, 
springless telemotors and 
rotary telemotors. 


for 


Corrosion-Proof Fire 
Pumps designed and manu- 
factured by C.H. Wheeler 
provide maximum gpm 

at medium and high 
heads; offer dependable, 
low-maintenance 
performance and take 
little space in the hold. 


mw but the hull, see: 


19TH & LEHIGH AVENUE 


WHEELER MFG. CO. 


Whenever you see the name C. H. Wheeler on a product, you know it’s a quality product 
Marine Condensers, Ejectors, Pumps and Auxiliary Machinery » Steam Condensers - Steam Jet Vacuum Equipment - Centrifugal, Axial and Mixed Flow Pumps » Nuclear System Components 


Philadelphia 32, Pennsylvania 
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Terry 500-kw marine generator 


Terry 
steam 
turbines 


Dependable, compact, efficient...Terry marine turbines are 
specially designe for driving generators, boiler-feed pumps, 
fuel-oil pumps, compressors, etc., aboard ship. They are the 
result of over fifty years of experience in designing equipment 
for commercial ee naval vessels. 

Turbines ranging from 5 to 3000 hp are built in the Ter 
solid-wheel design as well as in axial-flow, single-stage an 
multi-stage 

Complete details of turbines for any application will be 
gladly furnished. 


THE TERRY STEAM TURBINE CO. 
TERRY SQUARE, HARTFORD 1, CONN. 


solid-wheel turbine 
upper half of casing remove ye.tens 


THE NAVY’S CHOICE FOR 40 YEARS 


Kingsbury Machine Works, Inc. niece Frankford, Philadelphia 24, Pa. 
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Shown at the right are the powerful main propulsion turbines and 
double helical, double reduction gears that will power the world’s first 
nuclear merchant vessel, the N.S. SAVANNAH. 

This propulsion unit will develop a maximum continuous horsepower of 
22,000 when operated with dry and saturated steam ranging in 
pressures from 430 PSIA to over 700 PSIA with a condenser 

vacuum of 28.5” Hg. 

De Laval has played an important part in the design and construction 
of the machinery for this nuclear ship as well as for a new 
nuclear-powered submarine. 

These examples of leadership in the marine industry illustrate 

the dependability and precision manufacture that have made the name 
De Laval synonymous with quality for over half a century. 


Model of N.S. Savannah e George G. Sharp, Inc., naval architects, designers of the vessel 
@ The Babcock & Wilcox Company, prime contractor for the nuclear propulsion system 
e New York Shipbuilding Corp., Camden, N. J., builders of the vessel 


Steam Turbine Company 


NOTTINGHAM WAY, TRENTON 2, N. J. 
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“We shall build good 


ships here, at a profit 
if we can, at a loss if 
we must—but always 


good ships.” 


Collis P. Huntington, 
founder (1886) 


Dry Dock No. 2 


Newly enlarged and modernized 
for more good" ship repair 


Newport News’ Dry Dock 2 was recently enlarged and 
modernized to provide additional facilities to repair today’s larger 
ships—faster and more economically. This modern graving dock, 
built for drafts up to 30 feet over its sill, will accommodate ships 
up to 850 feet in length with a 116-foot beam. 


With a total of five graving docks, including two huge 
docks accommodating ships 960 and 1100 feet long, respectively, 
Newport News has the facilities to repair ships of any size. As the 
world’s most fully integrated shipyard, it is equipped to do good 
ship repairs in the shortest possible time. 


Engineers . . . Desirable positions available at Newport News 


Newport News for Designers and Engineers in many : *14: 
categories. Address inquiries to Employment Manager. Shipbuilding and Dry Dock Comp any 


Newport News, Virginia 
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REASON 


Out here, if a control valve or regulator fails there’s no place 
to go for repair facilities or replacement parts. Delay can mean 
late arrival, cargo spoilage and. loss of profit. Shipowners, 
operators and builders are aware of this hazard. That's why 95% 
of America’s merchant and naval vessels are Leslie-equipped. 

This overwhelming preference for Leslie is based on sound 
reasons. Leslie reliability means trouble-free service, maximum 
resistace to corrosion and wear, and lower overall operating 
cost. Leslie quality is based on nearly 60 years of experience in 
designing and producing equipment for the marine industry. 

Leslie products include reducing valves for steam, air and 
water services; temperature regulators for steam and water 


ENGINEERED FOR MARINE SERVICE 


LESLIE FOR CONTROLS 


systems; pump pressure regulators for steam driven pumps 
and turbines; pilot mechanisms and diaphragm control valves 
for liquid level and pressure and temperature control; and 
Leslie-Tyfon steam and air whistles. Write for complete 
engineering and application data. 


REGULATORS and CONTROLLERS 


Leslie Co., 413-8 Grant Ave., Lyndhurst, New Jersey 


Pressure 
reducing valves 


Diaphragm 
control valves 


Control pilots for pressure, 
temperature and level 


Temperature 
regulators 


Pump pressure regulators, 
Differential pressure regulators 


Strainers 


Steam and air whistles, 
automatic whistle controls 
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New tube mill equipment gives designer of heat-transfer units 
freer hand in meeting new trends 


With the installation of new production and testing equipment, 
The American Brass Company now offers the most complete 
service available to users of condenser and heat exchanger 
tubes. 

Long Lengths. To gain advantages in construction, processing, 
or installation, designers can lengthen equipment considerably. 
Tubes can now be drawn up to 100 feet. Most of the longer 
tubes are required as U-bends, but in some instances may be 
shipped as straight lengths. 

U-bends. Tubes from #4” O.D. to 114” O.D. with wall thick- 
nesses from .049” (18BWG) to .134” (1OBWG) can be bent 
on a radius of from 144 times the tube O.D. to 30”. 

Dual Gage. Where high temperatures and pressures are 
involved, it may be desirable to thicken the tube wall in the 
area of short-radius bends on U-bend tubes. Walls are 
thickened one Stubs’ Gage No. to compensate for thinning 
of metal in the bending. 

Thickened Tube Ends. To compensate for thinning by rolling 
or by impingement corrosion caused by high velocities, tubes 
may be supplied with the wall thickened at one end one or 
more Stubs’ Gage Nos. The extra thickness may be on the 
outside or inside of the tube as required. 


Relieving Stresses. All U-bend tubes, other than copper, are 
annealed at the bend area after bending, to eliminate the 
hazard of stress-corrosion cracking which might occur in 
service due to stresses that may exist as a result of the bending. 
Testing. U-bends are tested hydrostatically at ASTM 
Specification pressures—or at ASME Code pressures up to 
6000 psi on request, if the tube size will stand it. Electronic 
inspection with eddy-current equipment is available also, 
when required. 

Shipping. U-bend tubes are shipped packed for ease in 
handling and storage. 

Technical Assistance. For more detailed information on 
extra-long tubes, U-bend, Dual-gage, or Duplex tubes to meet 
special problems, address: The American Brass Company, 
Buffalo Division, Buffalo 5, New York. In Canada: 
Anaconda American Brass Limited, New Toronto, Toronto 
14, Ontario. 


ANACONDA 


Tubes & Plates for Condensers & Heat Exchangers 
made by The American Brass Company 


GIBBS & COX, INC 


NAVAL ARCHITECTS 
AND 


MARINE ENGINEERS 


NEW YORK 
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Ground Communication System is a new concept 
in Air Traffic Control Communications to meet the 
accelerated pace of increased air traffic. Primary 
objectives are efficient usage of frequency spectrum, 
added safety through increased reliability and re- 
duced burden to pilot and controller, and adapta- 
bility to all classes of aircraft. AGACS provides 
compatibility with existing ground and airborne 
communication equipment, selective addressing of 
information, and a minimum number of frequency 
changes during flight. The system utilizes two-way 
time division data transfer over existing ground 


Tmk(s) 


AGACS, Experimental Automatic Ground/Air/ 


and air communication links to provide an auto- 
matic, mutual exchange of information. The air- 
borne facilities display to the pilot the last sig- 
nificant Air/Ground and Ground/Air message 
quantities, while the controller may recall from 
central memory-storage equipment the last Air/ 
Ground and Ground/Air message quantities for 
display. The AGACS program is still in the devel- 
opmental stage. In August, 1959, RCA provided 
initial models of both airborne and ground equip- 
ments for the Bureau of Research and Development 
of the Federal Aviation Agency for extensive ex- 
perimentation and flight tests. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 


CAMDEN, N.J. 
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NAVAL ENGINEERING 
Definition: NAVAL ENGINEERING is the art and science applied in the 
design, construction, operation and maintenance of naval ships and their in- 


stalled equipment. 


SECRETARY’S NOTES 


Naval Engineers 

We have been seeking, for some time, a rationale 
for explaining the American Society of Naval Engi- 
neers and why men belong to it. There is something 
very nebulous about the whyness of Societies. Many 
of the reasons that apply to other Societies cannot 
be applied to ASNE. 

Our Society offers no material advantages to a 
member. We do not help him to find a job. We do 
not push his promotion, we don’t even give him a 
preferred outlet for his writing because no prefer- 
ence is shown to an author because of his member- 
ship. 


Our Journal is unique and we believe, good. We 
know of no other country, including Russia and 
England, the new and the old claimants to share 
leadership in Naval Engineering with the United 
States, which publishes a comparable Journal. 

Our annual banquet is one of the best large social 
gatherings of a professional group held anyplace in 
the world. Many consider it the best. 

Although there is no doubt that the Journal and 
the Banquet are the patent reasons for many mem- 
bers to spend ten dollars a year, these are not the 
basic reasons for most of them. Also, both can be 
attained by nonmembers. We believe that we have 
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found a clue in this issue of the JouRNAL which is 

not too different in a general way from any other 

issue. 

The Naval Engineering profession, we are sure, 
has never sat on its hands nor rested on its oars. 
There has always been a restlessness against being 
satisfied. The end product of the profession is a 
naval ship or anything which contributes to the 
construction or maintenance or operation of a naval 
ship. Those responsible for the end product are 
never satisfied and even when they have no money 
for converting ideas into hardware, they dream of 
the better ships when the fiscal skies brighten. In 
each of the contributing professions such as naval 
architecture; mechanical, electrical, electronics, 
chemical engineering (to name but a few); nucle- 
onics, metallurgy and other materials fields, there is 
also an urge for betterment, for improvement, for 
producing something to do something which has 
never been done or to do something better. These 
two urges when joined have tremendous power and 
seldom does a day pass without some worthy ac- 
complishment. This we know. This we recognize but 
all of these accomplishments are not spectacular. We 
believe that this issue of the JouRNAL comments on 
or refers to a greater number of outstanding and 
spectacular accomplishments than one can expect 
to occur in one three months period. With no at- 
tempt to order them as to importance, these things 
have happened: 

1. The world’s first nuclear propelled surface com- 
batant shin USS Long Beach was launched by 
The Bethlehem Steel Company at Quincy Massa- 
chusetts. 

2. The world’s FIRST nuclear propelled commercial 
carrier tvve ship, NS Savannah was launched by 
New York Shipbuilding Corporation at Camden, 
New Jersey. 

Note: First in nuclear powered surface shivs goes 
to the Russians for their Icebreaker, Lenin. 
Although this is a practical shiv for a verv 
practical purpose it is neither a naval combat- 
ant nor a commercial carrier type. 


3. The FIRST POLARIS submarine George Wash- 
ington was launched by the Electric Boat Divi- 
sion of General Dynamics Corporation at Gro- 
ton, Connecticut. 

4. The LARGEST combatant ship ever to be side- 
launched in the U.S. entered the water at Bay 
Citv. Michigan at the plant of the Defoe Ship- 
building Company. 

5. This ship U.S.S. Wilson (DDG7) is the LARG- 
EST combatant ship ever built in the Great 
Lakes and this was possible because 

6. The St. Lawrence Seaway was opened and dedi- 
cated providing the FIRST allwater route from 
the seven seas to the Great Lakes. 

7. The U.S.S. Macon (CA132) was the FIRST naval 
cruiser to transit from the Atlantic Ocean to Chi- 
cago, Illinois. 
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When these events are all taken in one package 
the effect is staggering. We wonder if the knowl- 
edge that such events are always in progress in 
naval engineering and the feeling that they have 
been, or are, or will be contributors to things like 
this, doesn’t create a spirit of wanting to publicly 
acknowledge their part, and causes men to join and 
to belong to the American Society of Naval Engi- 
neers. Although the evidence of the profession is 
very material. is it the spirit or soul of the naval 
engineer overlying that of his specific profession 
which lead a man into and keeps him in the So- 
ciety? To adopt a current popularism, is it a spirit 
of togetherness in magnificent joint achievement? A 
small percentage of the many thousands of engi- 
neers of all kinds who because of their contribution 
to these end products become “Naval” engineers by 
this application, make up the membership of ASNE. 
Does our explanation appeal to any of them? 


Change to By-Laws 


At its meeting on 9 April 1959, the Council of the 
Society adopted the following proposed amendment 
to the By-Laws and instructed the Secretary-Treas- 
urer to include the proposed change in the ballot for 
officers for 1960-61 which will be mailed this coming 
fall to all Naval, Honorary and Civil members: 

Article 8. Delete “and Secretary-Treasurer” in the 
first line. Insert in the second line between “Council” 
and “shall be elected” the words “except the Secretary- 
Treasurer.” i 

Article 10. Delete the first sentence and substitute 
therefore: “The Secretary-Treasurer shall be appointed 
by the Council from among the Naval Members under 
such terms as it shall decide upon. The Secretary- 
Treasurer shall act as Secretary and Recorder of the 
Council and shall conduct the correspondence of the 
Society and its financial transactions.” 

The effect of these changes is that the Secretary- 
Treasurer will be appointed by the Council for any 
term which is decided upon, instead of being elected 
to serve for one year. He will still be a Naval Member 
as defined in Article 15 of the By-Laws and will con- 
tinue to be a member of the Council. Of course, this 
could be affected by action which the Congress may 
take as a result of the hearings now in progress in 
regard to the employment of retired officers. Because 
of the possible enactment of legislation it is considered 
quite important that the Council have the authority 
which this change will give it. 

If this amendment is approved, the Council will be 
permitted to take any action desired at any time to 
appoint a Secretary-Treasurer, without the possible 
impediment of forcing this employee to seek and ob- 
tain annual re-election. The Council believes that it 
can perform its function of directing and managing 
the affairs of the Society in a far more satisfactory 
manner if it, the Council, has a more direct respon- 
sibility for selecting its business and editorial manager 
—the Secretary-Treasurer. 
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If this amendment is approved by the membership 
in the 1960-61 ballot, it will become effective on 1 
January 1961, or before that date if the elected Sec- 
retary-Treasurer becomes ineligible for any cause 
during calendar year 1960. 

We are including this notice in these Secretary’s 
Notes to give the membership plenty of time to fully 
consider this very important matter in advance of 
receiving the ballot. 


Council Membership 


Captain E. H. Batcheller, USN Captain J. A. Brown, USN 
OUTGOING 


Changes, particularly in the Regular Naval mem- 
bers of the Council, between elections are not un- 
common, Whenever the requirements of the Navy 
demand the service of these officers in some place 
other than Washington, D. C. or its vicinity, the 
by-laws of the Society necessitate their replace- 
ment. 

The Navy’s regular June shift removed both of 
the officers who were elected to Council member- 
ship last year from the Washington scene. 

Captain E. H. Batcheller, USN who had been 
serving as Comptroller of the Bureau of Ships was 
transferred in June to become Supervisor of Shiv- 
building and Naval Inspecter of Ordnance at Quincy, 
Mass. The Council has appointed Commander John 
A. Coil, USN who is on duty in Code 335 of the 
Bureau of Ships to serve as a regular Naval mem- 
ber of the Council for the remainder of Captain 
Batcheller’s unexpired term until 30 December 1960. 

Captain J. A. Brown, USN served for a few 
months in 1958 on the Council on an appointment 
to fill a vacancy. He was then elected for a term of 
two years. After serving for one-fourth of this term 
he was transferred from duty in the Bureau of 
Ships to the New York Naval Shipyard. His unex- 
pired term will be completed by Captain Thomas W. 
Rogers, USN. Captain Rogers is on duty in the of- 
fice of the Chief of Naval Operations. 


Commander J. A. Coil, USN Captain T. W. Rogers, USN 
INCOMING 


The Society’s 1959 Budget 


At the half way point, the budget which was ap- 
proved by the Council for our 1959 operations appears 
to be holding its own. No radical changes should be 
necessary to assure that we reach the end of the year 
with a modest gain in net worth. 

The one uncertain element at this time is the col- 
lection from membership dues. A larger number of 
these are outstanding than we like to see at this time 
of the year, particularly since the change in the by- 
laws last year no longer permits these to be carried 
for two years. On the bright side the response to the 
second notice has been reasonably good. 

The budget will be considered by the Council at a 
meeting to be held in August, too late to report in 
this issue. 


The Brand Award 


The Brand award was established in 1954 by Mrs. 
Brand in memory of her husband, Rear Admiral 
Charles L. Brand, U. S. Navy, Retired, who had 
been President of the Society in 1944. The Award 
was made each year to the member of the post- 
graduate class who stood first in Course XIII-A at 
Massachusetts Institute of Technology. 

Mrs. Brand set the award up for a limited time 
but earlier this year the Council decided to continue 
the award indefinitely. It will continue to be called 
“The Brand Award” and will be made by the So- 
ciety in the name of Mrs. Brand. 

The Brand award for 1959 was presented to 

Lieutenant Bruce J. Wooden, USN 


St. Lawrence Seaway 


The reprinted article on page 535 was written 
before the Seaway was dedicated and officially 
opened to traffic. The July 13, 1959 issue of Life 
carries some very interesting pictures of the first 
passage from the St. Lawrence river to Chicago, 
Illinois of a Navy flotilla consisting of the heavy 
cruiser U. S. S. Macon, CA132 and 21 other ships. 
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SECRETARY’S NOTES 


Foreign Circulation 


It may be of some general interest to note the ex- 
tent to which the JouRNAL is distributed outside of 
the United States. This certainly does not begin to 
compare with the ubiquitous circulation of many 
periodicals but for our type of journal, where few 
foreigners are eligible for membership and sub- 
scriptions are entirely voluntary, we feel that these 
statistics are significant. 

355 copies of the JouRNAL go to 39 foreign coun- 
tries. 66 of these are to members distributed: 

9 in Canada 
8 in England 
in Argentina 
in Italy 
in Portugal 
each in Japan and the Netherlands 
each in Brazil, Denmark, France, Mexico, 
Scotland, Switzerland, Thailand and 
Venezuela and 
1 each in Arabia, China, Colombia, China. 
Germany, Greece, India, Iran, Korea and 
Norway 

23 copies are exchanged with other publications. 
15 of these are in England, 2 in France and 1 each 
in Hungary, Italy, Japan, Rumania, Russia and 
Scotland. 

Naturally subscriptions are the biggest component 
of our foreign circulation. There are 266 of these 
which are mailed to the following countries: 

66 to Russia 

47 to Sweden 

28 to Japan 

18 to Italy 

17 to England 

13 to France 

11 to Germany 

8 to Yugoslavia 

7 each to Canada, the Netherlands, Norway, 
Poland 

6 to Spain 

2 each to Arabia, Argentina, Australia, Fin- 
land, Hungary, India, Rumania and 
Switzerland 

1 each to Bulgaria, Chile, Denmark, Egypt, 
Israel, North Africa, Portugal and Scot- 
land. 


Dr. Alfred J. Buchi 


We have learned that Dr. Buchi, still active in man- 
aging his engineering undertakings in Switzerland 
celebrated his 80th birthday on 11 July 1959. Dr. 
Buchi’s tremendous contributions in supercharging 
oil and gas engines are well known in The Internal 
Combustion Engine field and to members of the So- 
ciety. Dr. Buchi is a member of the Society, having 
joined in December 1952. 
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Past-President A. G. Mumma 


The Worthington Corporation of Harrison, New 
Jersey has announced the appointment of Rear Ad- 
miral Albert G. Mumma, U. S. N. Retired, as Vice 
President-Engineering of that company. Admiral 
Mumma served as President of the Society in 1957. 
He retired from the Navy in April 1959 upon com- 
pletion of his term as Chief of the Bureau of Ships. 


Machol Edge Index 


In this issue we are using the Machol Edge Index 
on a trial run basis. Our decision to continue its use 
will depend entirely on the reactions of members and 
other readers. Naturally, we will not know what 
these are unless you pass the word to us. Our decision 
will be open until about 15 October 1959. 

The claimed advantage of the Index is that it will 
increase the value of the Journal to you at a very 
nominal cost to the Society. The cost is not great and 
it will not force us to reduce the technical value of 
the Journal in any way nor to require an increase 
in dues or subscription rates. The increased value is 
in the facility to you of finding the article which you 
want to read more readily and to induce you to read 
more articles than you would otherwise. 

If the Index impresses you either favorably or un- 
favorably please, without delay, give us your opin- 
ion in a letter or postcard. It is you who must de- 
cide. 


Bound Volumes of the Journal 


A member has placed in our hands for sale, if 
possible, bound volumes of the JouRNAL in excellent 
condition for the years 1889 (Volume I) through 
1906 inclusive. 

The established price of these volumes is: 

1889 to 1899 inclusive 
Domestic delivery 
Foreign delivery 

1900 to 1906 inclusive 
Domestic delivery $18.00 per volume 
Foreign delivery $30.00 per volume 

The first reliable offer at the established prices 
which are subject to a 10 percent dealer’s discount 
and 2 percent discount for cash, for the entire set of 
18 volumes, will be accepted. Any other offer for the 
entire set will be considered. No offer for single vol- 
umes or for any part of the set will be considered 
at this time. 


$22.00 per volume 
$36.75 per volume 


British Income Tax 


The Society has been informed by the Taxes 
Branch of the British Inland Revenue, that “the 
whole of the annual subscription paid by members” 
to the American Society of Naval Engineers, Inc. 
“will be allowable as a deduction from his emolu- 
ments assessable to income tax under Schedule E.” 
For further details see page 570. 
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Official United States Navy Photograph 
s FIRST DISPLAY OF NAVY FLAG 
The U. S. Navy flag was publicly displayed for the first time on Thursday, April 30, 1959 during honor ceremonies for Rear Admiral 
Albert G. Mumma, USN, who retired from active Naval Service. Admiral Mumma was the Chief of the Bureau of Ships and President 
of the Society in 1957. The ceremonies were held at the David Taylor Model Basin. Shown during the review are (L to R) Vice Admiral 
H. P. Smith USN, Chief of Naval Personnel, Admiral Mumma, and Rear Admiral Wm, K. Mendenhall, Jr., USN, Commandant Potomac 
River Naval Command. 
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SECRETARY’S NOTES 


ASNE Service Academy Awards 


The ASNE awards to graduates of the service 
academies which were initiated by the Council in 
1956 were made for the fourth time this year. The 
President, Admiral Dolan, was able to attend each 
of the ceremonies and to present the awards for the 
Society. Photographs of these events are included 
in these Notes. 


The general purpose of this ASNE award is to 
give recognition to the member of the graduating 
class who has distinguished himself as outstandingly 
proficient in engineering as demonstrated by his 
academic work. In each case the criteria for selec- 
tion for the award and the actual selection of the 
awardee are entirely up to the officials of the re- 
spective academy. 


The 1959 awards were made as follows: 


U.S. Naval Academy, Annapolis, Maryland, on 1 
June 1959 
For standing highest in the combined courses 
in Mathematics, Marine Engineering and Elec- 
trical Engineering to— 
Midshipman Dennis Walter Brezina, of An- 
tioch, Illinois 


Admiral Dolan 
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U.S. Coast Guard Academy, New London, Connec- 
ticut, on 2 June 1959 
For standing first in his class in the course of 
Power Engineering to— 
Cadet Garret T. Bush, III of Oakland, Cali- 


fornia 


Admiral Dolan Cadet Bush 


U.S. Merchant Marine Academy, Kings Point, Long 
Island, on 6 August 1959 
For being the member of his class considered 
to show the most promise as a naval engineer 
to— 
Engineer Cadet Frederick W. Ziegler of 
Woodcliff Lake, New Jersey 


Cadet Ziegler 


pal 


| 
| 
| 
| 
| | 
| 
| 
| 
— 
& 
: 
ad 
- Ker} 
Midshipman Brezina Admiral Dolan 


1g 


er 


FIRST FLEET BALLISTIC MISSILE SUBMARINE LAUNCHED 
The USS George Washington, The U. S. Navy’s first ballistic missile submarine, is shown minutes after launching at Groton, 
Conn., June 9, 1959. The nuclear powered submarine has 16 firing tubes designed to launch the solid fueled Polaris, the Navy’s 1200 
miles ballistic missile. The George Washington is being built by Electric Boat Division of General Dynamics Corporation, 


Official United States Navy Photograph 
FIRST U. S. NUCLEAR SURFACE SHIP TO BE LAUNCHED BY NAVY 
Shown in the building dock at Bethlehem Steel Company, Quincy, Massachusetts, a few days before her launching is the guided 
missile cruiser, USS Long Beach, CG(N)-9. The United States’ first nuclear powered surface ship, her armament will include 
the Talos and Terrier missiles. Powered by twin nuclear reactors and screws, the Long Beach is 721 feet in length, 73 feet in 
beam, and has a 14,000 ton displacement, She is scheduled to join the fleet in 1961 or early 1962. 
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FPnotogiaph, couriesy of N. Y. Shipbuilding Corp. ' Photograph, courtesy of N. Y. Shipbuilding Corp. 
The Sronsor’s Group—Left to right: Mr, E. L. Teale, Presi- The Savannah, the world’s first Nuclear Powered Commer- 
dent, New York Shipbuilding Corporation; Mr. L. E. Wolf- cial ship, starts for the water. 
son, Chairman of the Board of New York Shipbuilding 
Corporation; Mrs. H. B. Sayler, Matron of Honor; and Mrs. 
Dwight D. Eisenhower, Sponsor. 


Photograph, courtesy of N. Y. Shipbuilding Corp. 
N.S. Savannah, after Launch. 
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THE N.S. SAVANNAH 


One hundred and forty years ago, on May 22, 
1819, a 320-ton ship started an epoch-marking voy- 
age from Savannah, Georgia to Liverpool, England. 
She was the Savannah, the first vessel to use steam 
on a transatlantic crossing. The 29-day, 11 hour 
voyage was successful even though the little craft 
could carry only enough coal and wood to permit 
about 89 hours of steaming spread over at least 
seven days. 

As the Savannah ushered in the Steam Age in 
ocean travel, it is fitting that another Savannah 
should usher in the Atomic Age. After President 
Eisenhower signed the bill authorizing the construc- 
tion of the first nuclear-powered merchant ship, he 
accepted the suggestion of American shipping men 
and named her the “N.S. Savannah.” This was fit- 
ting, since the new ship which will bear the desig- 
nation “N.S.” (for Nuclear Ship) is another first, 
as imvortant as was the little Savannah which 
opened a new era 140 years ago. 

The project to build the N.S. Savannah was un- 
dertaken in keeping with the policy of the President 
and the Congress to foster and develop the Ameri- 
can Merchant Marine and to demonstrate to the 
world the intent of the United States to employ the 
power of the atom for peaceful, productive pur- 
poses. 

The development of the new nuclear-powered 
cargo-passenger ship Savannah, is the joint respon- 
sibility of the Maritime Administration of the U.S. 
Department of Commerce and the U.S. Atomic 
Energy Commission. The combined effort is being 
carried on through a joint group known as the Nu- 
clear Projects Office in the Maritime Administra- 
tion, and as the Maritime Reactors Branch in the 
Atomic Energy Commission. The ship was designed 
by George G. Sharp, Inc., and is now under con- 
struction at New York Shipbuilding Corporation at 
Camden, New Jersey. The Babcock and Wilcox 
Company holds the prime contract for the provul- 
sion machinery with DeLaval Steam Turbine Com- 
pany as subcontractor for the turbines, reduction 
gears, and other heavy machinery. 

Building of a nuclear-powered merchant ship was 
first proposed by President Eisenhower in a speech 
in New York on April 25, 1955. Construction was 
authorized by Public Law 848, July 30, 1956, (Sec. 
716, Merchant Marine Act of 1936, as amended) 
with the ship to be built by the U. S. Maritime Ad- 
ministration and the U. S. Atomic Energy Commis- 
sion, jointly. Under Sec. 715 of the Merchant Marine 
Act of 1936, as amended, the ship is to be operated 
by the Maritime Administration. States Marine Cor- 
poration of Delaware will operate the ship as Gen- 
eral Agent for the Maritime Administration. 

The contract with the Babcock and Wilcox Com- 
pany for development and fabrication of the nuclear 
propulsion system was signed April 4, 1957. The 


contract for construction of the Savannah was 
signed with the New York Shipbuilding Corpora- 
tion, Camden, New Jersey, on November 15, 1957. 
The keel for the Savannah was laid on National 
Maritime Day, May 22, 1958, and the ship was 
launched on July 21, 1959, with Mrs. Dwight D. 
Eisenhower as sponsor. 

Construction of the ship will be completed and 
the Savannah ready for loading of her nuclear fuel 
by early 1960. It is expected that the Savannah will 
undergo extensive testing during the Spring of 
1960, and that she will be ready for unrestricted 
operation by summer 1960. 

From its inception, it has been acknowledged that 
the Savannah itself will not attain economically 
competitive operation; nor is she intended as a pro- 
totype. Rather, it has been planned to utilize this 
“first generation” nuclear-powered merchant ship 
to develop practical construction and operating 
technology and to employ this information in eval- 
uating and designing “second and third generation” 
nuclear powered ships which can attain competitive 
performance in free enterprise. 

It is planned that the Savannah will be a test 
ship. Many special features, such as provision for 
extensive remote operation of components and the 
possibility of rapid maneuvering rates, which are 
not essential for proper performance of this ship- 
type have been incorporated for evaluation in fu- 
ture designs. During operation of the Savannah, it 
is fully expected that components, and even entire 
plant systems, will be changed, when it is indicated 
that significant improvements can be made. 

Finally, the Savannah has five important mis- 
sions: 

(1) To demonstrate to the world the employment 
of nuclear power in an instrument of peace for the 
benefit of mankind, 

(2) To bring the power of the atom into the mar- 
ket places of the world in peaceful trade and com- 
merce, 

(3) To enlighten the public to the fact that nu- 
clear-powered ships are entirely dependable and 
safe, 

' (4) To stimulate early solutions to such prob- 
lems as international liability and indemnification, 
and, win for nuclear ships, acceptance in the 
world’s ports, 

(5) To give the Maritime Administration and the 
Atomic Energy Commission the opportunity for 
prudently assessing the possible contributions of 
atomic power to the progress of the American Mer- 
chant Marine in providing shipping: services on 
routes essential for maintaining the flow of the 
foreign commerce of the United States. 

The Savannah’s rather elaborate provisions for 
shielding reactor containment, ship structural in- 
tegrity, safe storage of all wastes, and the continu- 
ous monitoring of every potentially hazardous con- 
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dition, are results of several years of study. These tute of Electrical Engineers, American Society for 
designs have been reviewed and accepted by the Testing Materials and other Technical societies. 
U.S. Coast Guard, the American Bureau of Ship- Continuing review is presently being conducted by 
ping, and U. S. Public Health Service, and will agencies such as the Atomic Energy Commission’s 
meet the recommendations of the Atomic Energy Oak Ridge National Laboratory and Advisory Com- 
Commission’s Advisory Committee on Reactor Safe- mittee on Reactor Safeguards and other agencies 
guards. In every case, design and construction prac- interested in safety of life at sea. In addition, inter- 
tice has followed recommendations of American national discussions, particularly with the United 
Society of Mechanical Engineers, American Insti- Kingdom, have already begun on an informal basis. 


Shown under test at the DeLaval Steam Turbine Company, this steam turbine will propel the N. S. Savannah along the 
world’s water routes at a steady 21 knots. Atomic heat will produce the steam, representing the world’s first application of 
nuclear energy in a merchant ship, Carrying a crew of about 110, and with accomodations for 60 passengers and 10,000 tons 
of cargo, the N. S. Savannah will be able to operate for 342 years on one fuel loading. Under normal operation, the power 
plant will deliver a steady 20,000 shaft horsepower, which can be stepped up to 22,000 shaft horsepower when desired. 
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I 


| = ENTER Moscow with misgivings. The thousand 
questions stored in your mind . . . Will they be 
answered? The night about you... Will it be 
friendly? The silent, big-shouldered driver of the 
black Zim limousine that is bringing you from the 
airport up the dark Moscow River into the city .. . 
How does he think? 

Impressive facades of brightly-lighted buildings 
loom along the boulevard. You try out your Russian: 
“New apartments?” 

“Da,” says the driver. 

“Much progress here.” 

“Da, da, da.” You can feel the quick pride that is 
tongued in that triple yes. You imagine you have 
already touched the keyword that is moving the Rus- 
sian people: “Progress.” 

Two and a half years ago, you pondered the speech 
made by N. V. Khrushchev at the Soviets’ first Com- 
munist Party Congress since Stalin’s death. Said 
Khrushchev then: “The principal feature of our 
effort is the emergence of socialism from the confines 
of one country and its transformance into a world 
system. The internal forces of the capitalist economy 
are working toward its downfall, while the Com- 
munist economy is steadily rising toward its goal of 
proving itself to the world and transforming itself into 
a world system through peaceful competition.” 


.. Through peaceful competition.” A sober chal- 
lenge and a threat, aimed directly at the industrial 
heart-stream of America and the West. Not just de- 
fense industry, charged with the task of exceeding 
Soviet ingenuity in arms, but all industry and busi- 
ness. 

Now Khrushchev has been running the show long 
enough to reveal how he intends carrying out his 
program. Could he possibly win this race for indus- 
trial supremacy, and with it his sweeping political 
aims? You are here to investigate. 

In the days that follow in Moscow, Leningrad, 
Kiev, Kharkov, between supervised tours and plant 
visits, you prowl the streets on your own, anxious to 
meet and talk with workers and citizens. You find 
them surprisingly friendly. Using your fractured 
Russian in impromptu conversations, you try to 
sense the mood and the spirit of the people. You form 
some impressions. 

Russia has a serious look on its face. It is a drab, 
purposeful, working civilization, in open-collared 
shirt. Its people are proud and sensitive, self-con- 
scious about their long isolation from the West, hurt 
by its scorn. They are hungry for the world’s esteem, 
and intend to win it. 

“Russians are not barbarians,” says a young school 
teacher, neat in simple skirt and wool sweater. With 
a slight, quick toss of blond hair and a flick of mani- 
cured fingers she adds: “... as you can see.” 
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You ask a female guide if a luxurious train be- 
tween Moscow and Leningrad was not German- 
built before the war, which it was. She is affronted. 
“Do you think it’s too good to be Russian?” 

Somehow you feel that this psychology helps ex- 
plain the daring push to launch the sputniks, the 
jutting of astonishing white multi-storied towers, 
nineteenth-century “monumental” in architecture, 
out of the otherwise flat, grey Moscow skyline. It helps 
explain, too, the ornate subway stations under the 
streets. Marble-columned, sculptured and chande- 
liered, they appear at once an effort to outdo the 
splendor of the czars, and an installment on a future- 
day communist millennium. 


Communism exists on the basis of a great hope, a 
hope kept alive by show of progress, and contrasted 
sharply with a depressed people’s past. The people 
go along with the objective, little complaining if it is 
still out of reach. They have set out on an enterprise 
and intend to prove they can make it go. They have 
lived with the system long enough now that most take 
it for granted, much as Americans take theirs for 
granted. 


But the communist “millennium” is a dream. The 
country is poor. The government knows this and has 
had to take things in their order, first heavy industry, 
next trucks and tractors, then busses and subways for 
public transportation, now apartments. Everywhere 
you see new apartments being built like mad, thrown 
up by brigades of mainly unskilled men and women; 
uninspired, square-walled masonry buildings, each a 
replica of the last. 

By the thousands, the people are moving into these 
apartments from dingy places on back streets. They 
still offer only minimum living. You suddenly realize 
why they looked so dazzling bright that first night. 
No curtains. Frugally furnished, they house often 
two or three people to the 10- by 16-foot room. But 
“they’re much better than what we had,” the occu- 
pants tell you. 

It’s the progress that keeps the people going. Press 
and radio recite it daily. Colored charts in public 
buildings display it. Progress toward a goal. And 
always a promise. Tomorrow, refrigerators and auto- 
mobiles. 


You ask a worker, unshaved and in crumpled 
clothes: “Do you think a man with a five-room house, 
a car, a television set, electric refrigerator and wash- 
ing machine is rich?” 

“Da,” he nods. 

“Do you think the average American worker has 
these things?” 

“T don’t know.” 

“He does. Do you think the Russian worker will 
have them?” 

“I don’t know. We hope.” 

You ask another, better dressed, the same question. 


“Da,” he answers. “We will catch up with Amer- 
ica.” 
426 
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II 

In school, in the factory, at the art exhibit, work 
is touted as the basic virtue in Russia. The brass orna- 
ment on your hotel room desk consists of three men 
bent low and pulling a load. The sculptor has made 
them appear to enjoy it. 

Waiting on the street, you talk with a man about 
jet transports and things. “Are you pleased with 
Russia’s progress in industry and science?” you ask. 

“Naturally.” 

“Why?” 

“Because it makes more work.” 

By the swan pool in Gorky park you ask a keen- 
looking lad what field he wants to enter when he 
grows up. 

“Science.” 

“Why? Because of the high pay? Fame?” 

He wrinkles his forehead. “Because it is useful,” 
he says. 

On the deck of a Sunday afternoon boat up the 
Moscow River you slide onto the bench beside a man 
in work clothes, taking a bundle of berry bushes 
home to plant. He is a skilled mechanic in a nearby 
factory. You talk with him about his work. “Do you 
get paid more every year?” you ask. 

“Not necessarily. We get paid more when we do 
more and better work.” 

“Do you think this is a good system?” 

“Da. Good.” 

A big, brightly-colored factory poster shows a vig- 
erous youth pointing to a minute on the clock. “Watch 
the working minute!” he cautions. “Time is the 
people’s wealth.” A chart shows how much steel, coal, 
sugar, housing is produced “in our country” per 
working minute. 

“In our country, everyone works,” the people tell 
you with pride. 

Then they ask about your country. “Is it true there 
are four million unemployed?” 

You explain: “At present the prices on some things 
have gone rather high and people are not buying as 
they did. Wages and prices are high. But the state 
pays those who are out of work.” 

“How much does a skilled worker make in Amer- 
ica?” asks his Russian counterpart, who earns 1,200 
rubles a month—or 60 cents an hour, figured at ten 
rubles to the dollar. (Tourists are given ten rubles to 
the dollar. Official exchange is four to the dollar, but 
based on prices ten to one seems nearer correct.) 

“In America he gets $2.50 to $3 per hour; maybe 
more,” you say. 

He is thoughtful, possibly incredulous. 

You are thoughtful. You begin to see the problem 
in an unwelcome light. 

Khrushchev spoke of the communist economy 
“proving itself” and “transforming itself into a world 
economy through peaceful competition.” This compe- 
tition, obviously, is to be in the world market. On 
one side is America, with its highly priced man-hour. 
Up to now it has made good that high cost, by ma- 
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chinery and tooling and mass production. But here 
you find Russia setting up with deliberate care the 
same mass-production technique, with low-cost man- 
hours. You quickly decide America will not relin- 
quish its high pay, because it makes purchasing 
power. You see a challenge of immense proportions 
looming before United States industry: How to 
match a coming giant rival whose ideal is output, not 
pay. 

Before your eyes, you can see the seeds of the great 
contest being planted. Hotel lobbies and dining rooms 
are teeming with foreign guests—Asians, Africans, a 
South American talking business with a Russian host 
across champagne and caviar. Seeds of peaceful 
competition. 

A strange thought crosses your mind: a future 
Russia emerging from the iron curtain and America 
withdrawing behind the dollar curtain, priced out of 
the market, left trading with itself. “Could it be?” 
you ask yourself. 

You meet a young man from West Africa, jet black, 
intelligent of speech, a student. He has just visited 
China, watched the huge anti-American rally in 
Peking. He is touring Russia and western Europe. 
“T’d like to see America,” he says, “but it costs too 
much.” 

“A round trip flight from London to New York is 
down to $450 now, economy fare,” you tell him. 

“But it’s the hotel, the meals, the living costs,” he 
says. “I can’t afford it.” 

America’s problem. 

You consider an out. Soviet state-owned industry 
may fail to prove itself; may never be able to produce 
an equal product for less money. American ingenuity 
is too much for them. Or is it? 

It’s time to go into some Soviet plants, talk to the 
directors, the engineers, the trade unions. See for 
yourself how they’re doing. You set out. 


The spirit of the Russian industrial worker does 
not have the airy exhilaration of freedom, but it 
has the determination of grim reality: “There’s a job 
to be done and it’s up to us to do it.” 

It is a spirit that has had a frightful past: First 
the czarist’s “Work, you devils, work.” Then the 
revolutionist dictator’s “Work with us, or Siberia!” 
Now the march-words, “Together, workers, work.” 
It is the song of a new Volga boatman, with the boat- 
man owning the boat. 

At a machinery plant in Moscow, you enter a dark 
hallway, emerge to a sawtooth lighted factory area, 
dirt floored in part but orderly. Unlike the old Volga 
days, you see no line of men pulling together on a 
rope, but you quickly learn that collective discipline 
is the system, though each man tends his own ma- 
chine in modern plant fashion. 

You spot a chart on the wall. On it are listed the 
names of men and women in the shop. After each is a 
number—the man’s “social obligation” in units of 


work. Squares are filled to show his work perform- 
ance, with a percentage over his quota. 

“How do you reward them for going over the 
quota?” you ask the manager. 

“Extra pay.” 

“And if they fall behind?” You find there is more 
to the system. Another chart with the same layout 
shows the weekly quota, called the “plan,” for the 
shop itself. Chalked in adjoining columns are the 
shop’s actual performance and percentage over plan. 
The shop’s record is compared with other shops. Else- 
where, the record of whole departments is charted, 
and that of the plant itself, compared with a national 
plan. It is one huge, systematic, production competi- 
tion, man against man, shop against shop, department 
against department, plant against plant. Bonus money 
is provided for the individuals, shops and depart- 
ments that make the best record. At the end of the 
year the plant itself gets a bonus to distribute if it 
exceeds its plan. 

Back to the worker who is not fulfilling his “social 
obligation,” you find that his shop-mates, his depart- 
ment, and his whole plant take an interest in bringing 
him into line. He is holding up their own chances for 
a bonus, their own record for exceeding the plan. The 
star worker, on the other hand, is as popular as the 
star on a football team. The team doesn’t want to lose 
him. 

You marvel that communism has taken free enter- 
prise’s strongest drives—competition and incentive— 
and put them to work on an individual and group 
basis to an extent never dared by free enterprise. 

You speak to a guide about this. “I see you are 
making great use of competition,” you say. 

“Nyet,” she replies. “We have no competition.” 

You are baffled. Then you discover there are two 
different Russian words for competition. The one you 
have beeen using—konkuryentsiya—means “riv- 
alry,” with a capitalist connotation—a bad word in 
Russia. The one they use—soryevnovaniye—means 
also “emulation.” This they approve. 

The incentives in this socialist competition are 
negative as well as positive, you find. You talk with 
the editor of the plant paper, a heavy woman and 
every ounce a communist. The paper is employee-run 
but generally sponsored by the trade union. En- 
thusiastically, the mother-editor explains the paper’s 
purpose: “To criticize the work of workers and engi- 
neers, so they may be ashamed of their work and 
improve; to criticize the chiefs if they are not fair; to 
publish production plans and new ideas; to tell about 
the best workers in the factory so others can emulate 
them.” 

Criticism by name in the plant paper, you learn, is 
only part of the grim process of collective discipline. 
First step is reprimanding the individual before his 
friends. A later step, if necessary, is bringing him be- 
fore a public opinion court. Removal to a lesser job, 
or “in rare cases,” dismissal, may follow. 

The head of the union, who is present, explains that 
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the union is as anxious as the management, or “ad- 
ministration” as they call it, to bring forward produc- 
tion. You can see why. The union is closely knit with 
the Party, which set the objectives in the first place. 
“Ts union membership voluntary?” you ask. 
“Yes. Voluntary. But ninety-nine and nine-tenths 
per cent belong.” 
“Does the union ever strike for higher wages?” 
“Strikes are prohibited.” 


IV 

The director’s office in the Moscow plant you are 
visiting is a plain upstairs room with a desk at one 
end and a long table. The high window at the end has 
heavy, dark-blue drapes, edged with tassels. Huge on 
the side wall is a portrait of V. I. Lenin, looking down 
half sternly, half benignly, as though saying, “Re- 
member what I taught you, boys, and you'll do fine.” 
A man hurries into the room with an arm-load of red 
baize cloth to cover the long table and you know 
you’re in Russia. 

The deputy director is in charge in the director’s 
absence. He is thirty-eight, with loose-combed hair, 
a casual but affirmative manner. He is distinguished 
from the rest by his necktie. 

The plant director, he explains, works under an 
administration under the district economic council. 
He takes his plans there for approval, but he has the 
responsibility for buying his own materials, hiring his 
people, and negotiating the sale of his products. He is 
expected to meet the production plan that is estab- 
lished for the year, and to make a profit. 

“And what if you don’t?” 

“We'll probably get moved to another job.” 

He explains that most of the workers are paid by 
the piece, rather than by the hour. Their pay ranges 
from 600 to 1,820 rubles per month. On the average 
they make 930 rubles per month. This would be $93 
at 10 rubles to the dollar. 

The deputy director says his own pay is 3,000 
rubles, plus bonuses earned for “exceeding the 
plan.” 

“How did you get the job?” asks a member of your 
party. “Marry the boss’s daughter?” 

He laughs. The government interpreter, loyal com- 
munist, takes the opportunity to quip: “Only in your 
country does that happen.” The deputy director says 
he was graduated from an institute, went into the 
technologists’ department, worked up to chief engi- 
neer and this. 

Employee wages are established in an annual 
agreement with the trade union. Someone asks the 
executive, half jokingly, “Do you ever .wish you 
didn’t have a union to deal with?” 

He doesn’t smile. “The unions are helpful,” he says. 

“But what if the union and management disagree?” 

The government interpreter looks around indulg- 
ently and explains: “They don’t disagree.” 

Another asks: “What is the basis of wage in- 
creases?” 
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“Productivity. Advancement is on personal ability. 
General wages go up as productivity goes up.” 

You find the same system prevails in other plants 
you visit. “It’s the production that pays the wages,” 
they tell you. 

You reflect, confusedly, that you have heard man- 
agement in America make the same case that labor 
is making in a country where labor wears the hat. 

When you wonder, at times, why the workers are 
not squawking to high heaven about wages, you re- 
member the phrase “social obligation.” In their view 
they are working not just for themselves. They are 
working together for a goal—to build Russia. “We 
work half for the present and half for the future,” 
they say. Half to build their own standard of living, 
half to make the red star the great light of the world. 
To do this they know they must work to surpass 
America in all things, but most of all, in industry. 

“Do you really think Russia can match America in 
production?” you ask in Moscow, Kiev, Kharkov, 
Leningrad. 

Says a laboratory assistant: “Da. We are behind 
you now, but our tempo is greater. That means we 
will overtake you.” 

A university professor: “Da. Already we are nearly 
up to you in output of some things: milk, woolen 
cloth. We’ll reach your standard of living in 10 to 15 
years. .. . Maybe faster.” 

A skilled worker: “It is possible. In ten years we 
should catch you.” 

A store manager: “Da, but it will take a long time.” 

An architecture student: “Ten to fifteen years.” 

A young factory worker, studying nights to finish 
his tenth grade: “Da, we’ll catch up if you don’t in- 
terfere.” He means if America doesn’t interfere by 
war. Everywhere the people tell you they want 
peace. But they fear America. 

A student of history, candidly: “I don’t like Com- 
munism. I don’t like capitalism. I like freedom. But 
Russian industry is coming up fast. Five years, Rus- 
sia will produce as much as America.” 

On a flight between Minsk and Kiev, you sit beside 
a young jet pilot of the Soviet Air Force, relaxed in a 
gray leisure jacket made of kapron, the Russian 
nylon. 

“Do you think your scientists will get a rocket to 
the moon before the United States?” you ask him. 

“Sooner,” he says, with a polite but confident smile. 

“Think Russia will put a man on the moon in ten 
years?” 

“Earlier. Between five and ten years, we will do 
it.” You sense the quiet cockiness of young Russia. 
You ask the familiar question: “Do you think Rus- 
sian industry will produce as much as America in 
five or ten years?” 

“More than America.” he replies. 

You think of the great contrast between Russian 
living and American. It is inconceivable that they 
could build up their total economy that fast. “That 
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will be good for the Russian people if they can do it,” 
you say. 

But you know, too, that it will also pose a problem 
for America—in the world market. 


Vv 

Opinions differ as to timing, but not one Russian 
you have talked with believes his country will remain 
behind America industrially. Most, like the young 
jet pilot, believe they are already leading in science. 
In fact, you can recall a good many Americans at 
home who would grant this, though you believe it 
to be true only in limited fields. How has the Soviet 
Union achieved this point of progress? How did it 
successfully get off a sputnik while others slept? Ex- 
cept for the sputnik, what you have seen in Russia so 
far has been short on originality. You wonder if scien- 
tists educated under communist dogma can have the 
imagination to produce new scientific discoveries. 
You want to learn more about what motivates these 
men. 

Loitering in the main hall of Kiev University, you 
meet a research psychologist, a man you think should 
be qualified to discuss this point. “What inspires the 
Russian scientist?—what make him try to discover 
new ideas and put them to use?” you ask him in his 
cluttered laboratory office next day. “Is it the money 
he can make, the hope of a Lenin prize and fame, love 
of his country, or what?” 

The man across the desk has intent eyes, a lean 
face, and needs a shave. You are alone with him, em- 
barking on deep waters with your frail Russian, plus 
his fragments of English. He leans toward you, in- 
terested: “It’s all of these,” he says, “but these are 
not all. These are not the main factors.” He lays out 
a finger. “First, our scientists are free.” 

“Free? How do you mean free?” 

“Free to work on things they want. If you have a 
new idea, you tell your superiors. If they think it is a 
good idea, they will say, ‘Go ahead and work on it.’ 
You are given the equipment and the facilities.” 

“And if they aren’t interested?” 

“You have to try again.” He continued: “I am free 
to experiment on what I want. My colleagues are free 
to work on what they want.” 

He put two fingers on the table: “Second: the 
Russian people love the scientist.” 

“Why?” 

“They are servants of the people. They have a high 
and respected position. Third: Their security is pro- 
vided. They are secure on account of money.” 

“You mean they have good material comforts.” 

“Very good. But this is general: You must under- 
stand. Our people are a free people.” 

“The Russian people—free?” It is more than you 
can swallow, but you are polite and let him continue. 
He leans closer. 

“My mother and father were farmers in the 
Ukraine,” he says. “They can’t read or write. Iam a 
scientist. This is what I mean by a free people.” 


“Free to achieve, to go to a higher position?” 

“Da. Also free from exploitation. A Russian is free 
in his capacity and ability. This freedom is the gen- 
eral factor—the chief factor that inspires our men of 
science.” He adds: “I should have said first of all, we 
have general education. All are equal in possibilities.” 

You begin to see how the very things America 
credits for its great progress, Russia is adapting to its 
ends. Education and opportunity. You pursue your 
original question: “But you agreed the desire for 
money, fame, and love of country were each factors. 
Which of these three is most important?” 

“We are talking openly, freely,” he answers. “Love 
of our country is first. For myself, I do not think 
about money. For my friends in science, money is 
not the main thing in their thinking.” 

You say: “In America, I don’t think the scientist 
is working mainly for money either. He. works be- 
cause he wants to discover new things, get more 
knowledge, learn new things. Only those who earn 
the least, work primarily for money.” 

He nods vigorously. “It is the same in our country. 
Only those who earn the least.” 

“What about wages in general. Do the unions ask 
an increase each year?” 

“The government decides,” he replies. “If I ask 
for myself, I may ask too much. It would make prices 
too high. We do not want inflation.” He adds: “One 
day the ruble will be worth as much as the dollar.” 

“You think so? When? Ten years? Fifty years?” 

“That’s hard to say. But it will come.” 


VI 

Up to now, America has been the shining model 
before the world’s eyes. Russia wants to be that 
model, so people and nations will be attracted to 
communism. It is easy to see why Russia has set as 
her main goal to beat America in the economic 
competition. 

The strange contradiction is that it is the nation 
whose very traditions and manners Russia seeks to 
warn her people against, which has become the model 
she seeks to emulate. You think about that. Suddenly 
it doesn’t seem so strange. You remember your 
puzzling encounter with the two different meanings 
of “competition” in Russian. The accepted word for 
it means emulation. It’s true, you reflect, in most any 
competition the contender begins to emulate the suc- 
cessful techniques of the champion. How else can he 
match him? You know it has been happening for 
years in design and invention. There is a joke in Rus- 
sia, that the country’s most successful inventor is 
Comrade Reguspatoff (Reg. U.S. Pat. Off.). 

There is other evidence of emulation. The children, 
better dressed than their parents, the hope of the 
land, choose English language study four to one over 
other foreign languages. You ask some of them why. 

“Because it will be the most useful to me,” one boy 
tells you. Says another: “Because America is best in 
technology.” 
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In one of the schools you visit a beginner class in 
English, composed of fourteen-year-old girls and 
boys. You mention you have a daughter about their 
age. Two girls in pigtails step up shyly and brightly 
curtsy. Carefully one of them articulates: “We wish 
to correspondence.” 

The Russian people like Americans, despite all the 
propaganda against them. Many tell you they would 
like to visit your country, but few believe they will 
ever get the chance. 

Managers of enterprises say they want to buy 
American products. “You have more than you can 
use. We have shortages of everything,” they say. “We 
should trade with each other.” 

Russians like American music. University students 
want to buy American suits and shirts from tourists, 
“because they have style.” 

There is even something more subtle that the Rus- 
sian finds attractive to him in Americans. One guide 
explains it simply: “They smile.” 

With more tourists, more trade, is there not hope 
Russia will also accept new ideas and ideals? You 
wonder. You ask a devoted communist: “Do you 
people think Marx’s doctrines must apply to all time? 
Conditions change. Do you re-examine these doc- 
trines in light of new conditions?” 

“Yes. We re-examine them.” 

You are surprised, a little shocked, at the answer. 
You hadn’t expected it. Yet you have seen how these 
people have adopted practices foreign to the original 
concept of communism—“from each according to his 
ability, to each according to his need.” Competitive 
incentives, profit, greater freedom of individual op- 
portunity, private ownership are examples. You meet 
a family which is buying its own home under a new 
Moscow plan—borrowing money from the govern- 
ment bank and paying it back over a period of fifteen 
years. You learn that forty million Soviet citizens 
have private deposits in savings banks. You become 
fascinated with a speculation: 


Suppose Russia were to achieve her goal of full 
production: Would she not have to adopt more west- 
ern business methods just to keep the bustling com- 
merce straight? Would she not have to go still further 
from Marxist communism, still nearer to Western 
methods, even though she retained government own- 
ership, as friendly countries do to varying degrees? 
Instead of the present queues at government shops 
waiting for a few shirts and shoes, would there not 
be need for advertising to attract buyers? To stim- 
ulate sales, would there not be need for credit buying? 
Wouldn’t bank accounts and checks be necessary to 
simply handle the money traffic? You want to talk 
with some bank officials about these things. 


vit 
When you step into a Russian savings bank, an 
institution rapidly growing in popularity, you think 
you might be in a small U. S. post office. There is the 
writing counter against the wall, and across from it 
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two or three attendants’ windows. Behind the parti- 
tion, some women are sorting deposit slips in a shal- 
low wood box. You watch them do their addition on 
Chinese abacus counting frames, adroitly clicking 
the beads of the ancient devices that you have also 
seen used in all the stores. 

The manager of the bank, a man in his mid-thirties, 
unharried, accommodating, invites you to the back 
office. You feel that you have been here before, and 
then remember it is an old farmhouse kitchen you 
are thinking of, with its square-legged board table in 
the center. The manager apologizes for a shortage of 
chairs, and himself sits on the corner of the table. A 
government interpreter explains the intricacies of 
soviet banking, the six types of institutions: agricul- 
tural, state, communal, industrial, foreign trade, and 
savings. 

You learn there is a crude approach to the use of 
checks, when one industrial plant writes a note to 
the bank which keeps its funds, asking that a certain 
amount of money be transferred to a bank in another 
city and put in the account of a plant there from which 
it has purchased some material. You get the manager 
aside. 

“In the future,” you say, “Russia hopes to be pro- 
ducing plenty of things for everyone. When that time 
comes, won’t you need things like personal accounts 
at banks and credit accounts at the stores, and checks 
to pay for goods and services?” It is a little involved 
for your Russian. You repeat the question. The official 
interpreter hears you and comes over. You would 
rather have talked privately with the banker, but you 
put the question to the interpreter. She gives it a 
little laugh of inconsequentiality and turns to an- 
other man’s question. Later you try it again. Finally 
as the visit is breaking up you insist you’d like to 
know the manager’s opinion. She asks him. He looks 
at her, then at you. 

“We don’t have need for these things now,” he says. 
“When we have communism,”’—they always speak 
of communism as something in the future rather than 
at present — “we will need neither checks nor 
money.” 

That ends the discussion. When the wall of dogma 
appears, communist thought will not attempt to pene- 
trate it. But you can see clearly the contradiction. 
The trend in Russia is going precisely opposite to the 
trend planned toward pure communism. You see it 
further when you visit a large state bank, a more 
imposing institution with a long row of cashiers click- 
ing the beads of their abacuses, but with modern 
bookkeeping machines behind, and a mahogany- 
furnished executive office, suitably adorned with 
portraits. The manager asks eager questions about 
banking practices in America. 

Business methods—even government business— 
have only started to make the improvements that 
Russian science and production have been making in 
recent years. The distance between the Chinese 
counting frame at the bank and the electric computer 
in the Soviet science laboratory is typical of the glar- 
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ing inconsistency between the country’s forward 
drive and the cumbersome methods of communism 
that are dragging it back. Clumsy office methods and 
procedures, the bureaucratic ladder that must be 
climbed for policy decisions, delay, dogma and dicta- 
tion, are heavy fetters on a people’s push toward 
progress. 

But Russia is getting wise to these faults. Trade 
with the outside world will open her eyes, sharpen 
her practices. To now, America has been reaping a 
competitive advantage from the backward cumber- 
someness of communism itself, the high “overhead” 
cost of its super-government, the ponderosity of gov- 
ernment control. Because of this, Americans have 
often wrongly assumed that Russia could never do 
what it says. But the streamlining is bound to come. 
As an example, Russian plant directors say the re- 
cent decentralization of industrial ministries has 
greatly speeded the process of decision. 

Meanwhile America has its own trend to “big gov- 
ernment.” Even now, you reflect, there isn’t too much 
difference between the length of the list of ministries 
and policy-forming institutes in Moscow and the list 
of agencies and committees in Washington. Different 
names. America is not immune to the problems of big 
government. 

VIII 

There is ample evidence that Russia is pushing 
resolutely Khrushchev’s program to “prove com- 
munism to the world” through peaceful competition. 

What of his other contention, borrowed from ear- 
lier communist theorists, that meanwhile “the inter- 
nal forces of capitalism are working toward its down- 
fall?” Can you merely pooh-pooh this brash claim? 
Viewed from the distance of Soviet Russia, you can 
see the dangers inherent in America’s success. The 
spoil of success is indulgence. You can’t for the life 
of you see how America can long keep its world 
leadership in the “peaceful competition” if it indulges 
the luxury of waste, the luxury of half-hearted effort, 
the old-style luxury of paying tribute to any group 
which can exact it through power, the bitterly illusory 
luxury of inflation. Not when Russia is living and 
breathing cost control. 

Between acts of the opera in Kiev you follow the 
crowd downstairs to the drawing room where re- 
freshments are being served. You stand in line for a 
thirty-cent dish of ice cream. You watch with utter 
fascination the apron-clad girl who is dishing it out. 
Each dish goes on a little balance like the one at the 
pharmacist’s. She dips up a scoop of ice cream and 
puts it on the balance. If the balance is high, she adds 
a trifle, lightning-like because of the waiting crowd. 
If it is low, with one deft twist of the wrist she flicks 
off the half teaspoon that will bring it into balance, 
and returns this to the container for the next serv- 
ing. 

You look about at the happily chattering people. 
Other than you, no one in the room considers the 
precise weighing process in the least odd. 


This balance, you can’t help thinking, is emble- 
matic of Russian effort to make cost and output meet. 
You have seen it in the whole Russian economy, the 
fight to build without inflation. You might say it is 
emblematic, too, of the counter scale of a new, sharp 
dealer down the street of nations. He is in poor quar- 
ters now, but working and saving for the day when 
he can buy out the rich store on the main intersection. 
The big store owner with his Cadillac has “had it so 
good” that he has not much worried about the new 
competition. But lately he has begun to wonder; ever 
since the other storekeeper shot a sputnik into the 
sky and began to attract customers. 


The little ice cream balance, you think further, 
betokens a balance of power in the world: The forces 
of communism against the forces of freedom. Two 
societies basically antagonistic, though simulating 
each other in surprising, unacknowledged ways. Be- 
tween them, there is a balancing of military power 
and of advancement in military weaponry: atomic 
stalemate. The more frightful the weapon becomes, 
the deeper the stalemate, because of mutual fear not 
so much of the other country as of the weapon itself. 

You have seen, growing out of the stalemate, Mr. 
Khrushchev’s new plan to sell communism to the 
world. The pharmacist’s balance looms larger, filling 
the frame of your thought. You see everything that 
the communist world does and everything that the 
free world does as adding to one side or the other of 
the balance. You see everything that either fails to 
do as substracting from its side of the balance. 

You realize, as never before, that your country is 
being weighed in the balance. It has no self-perpetu- 
ating heritage of superiority. It must prove itself, year 
to year. It stands challenged. 

Is the system of freedom and equity answering the 
challenge? To do so, must it not cite for its people a 
goal of its own—to paraphrase Khrushchev: “the 
emergence of freedom and equity as a world system?” 
Must it not sacrifice selfishness and work for its goal, 
as Russia has taught her people to work for theirs? 

You come back to America, land of the free, to 
find Americans taking riotous advantage of that free- 
dom. You realize as never before that freedom re- 
quires self-discipline. Nothing less can match the 
discipline of a communist regime. 

And how is this related to peace? 

Because the road to peace is not paved with the 
unturned stones of idleness, selfishness or complac- 
ency. 

Because atomic stalemate still leaves the Soviet 
Union free to gain the balance of world power by the 
route Mr. Khrushchev has announced. 

Because, if communism gains the balance of power 
by any means, the peace is lost. Then freedom’s great 
struggle will still be ahead. 

On the other hand, for America to stay in the 
peaceful competition will mean that it will have to 
improve, and that the Soviet system and ideology will 
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have to improve, through competitive emulation. If 
this happens, the great cause for conflict—the conflict 
of beliefs—may be removed and replaced by a bet- 
ter understanding, stone by stone. 

Industry, labor, all America, have their part to 
play. Your sense of the unsolved problem shouts 
within you that Americans must work for their own 
future. 


But not just that. 

They must get interested in something besides 
themselves. In other countries. In the world. In peo- 
ple. Even Russian people. In the two little girls who 
“wish to correspondence.” 

The girls are fourteen now. In ten years they will 
be women. The ten years in which Soviet Russia 
says it will “catch America.” And after that. . .? 


A 105 ton reactor vessel, in which an atomic "fire" will be kindled to 
drive the N. S. Savannah, world's first nuclear merchant ship, has been 
installed in the ship's hull. Climaxing an intricate, carefully planned opera- 
tion, the sealed pressure vessel, 28 feet high and 9 feet in diameter, was 
hoisted above the ship and lowered through a 13-foot, 6-inch hatch in a 
spherical "containment" shell. Together with the reactor vessel, all nuclear 
components of the propulsion system, which is being supplied by the Bab- 
cock & Wilcox Company, are being erected amidships within this 35 by 
50-foot protective chamber. Placement of the reactor vessel within the 
one-eighth of an inch margin allowed for error was complicated by the 3 
degree launching angle at which the hull rests on her way. This step com- 
pletes erection of the propulsion system's heaviest components. Previ- 
ously installed were two steam generators 20 feet long and [5 feet high, 
and a pressurizer 5 feet in diameter and !8 feet long. Although all com- 
ponents installed thus far weigh a total of 182 tons, they represent only 
about one per cent of all the parts that will be positioned in the contain- 
ment shell by early 1960. The manufacture and installation of remaining 
nuclear propulsion equipment is proceeding on schedule, B&W officials 


report. 
—from PRESS RELEASE 
The Babcock and Wilcox Company 
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INTRODUCTION 

In years past the paddle-wheel served as the pri- 
mary means of mechanical ship propulsion. After 
years of successful service it was finally supplanted 
by the more efficient and reliable screw propeller. 
Although this latter propulsion device is almost uni- 
versally used to move ships through the water it 
does have certain limitations. 

The screw propeller is not particularly ideal for 
maneuvering a ship. When backing and filling it 
works in a very inefficient speed range, thus calling 
for skillful operation and great demands on the pro- 
pulsion machinery. Its essentially unidirectional 
thrust does not readily lend itself to using the 
screw for steering despite the fact that turning 
torque on the ship can be obtained by varying the 
thrust of opposing propellers on multiple-screw 
ships. 

The screw propeller is very inefficient when op- 
erating at high thrust loadings and low speeds of 


advance. It has a single optimum operating efficiency 
at a set pitch-speed-power-rpm relationship which is 
inflexible. The screw requires a fixed submergence 
for efficient operation and is subject to damage in 
cluttered or shallow waters, and finally, it is definite- 
ly not recommended for land propulsion of amphibi- 
ous vehicles. 

In some requirements for marine vehicles these 
features of the conventional screw propeller militate 
against its use. Hence it has been necessary to either 
modify the screw extensively or to develop some 
other type of thrust-producing device to fulfill the 
specified functions. 

This article is devoted to such special purpose 
marine propulsion systems. These systems can be 
called neither novel nor unconventional. They are 
engineering designs developed for a particular pur- 
pose. It is only when their utilization is attempted 
in a service for which they are neither designed nor 
suited that they become unconventional. 
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THE CONTROLLABLE-PITCH PROPELLER 

There are many types of ships which operate un- 
der conditions where maximum efficiency is desired 
under two or more operating conditions. Tugs and 
trawlers, for example, must operate efficiently both 
free running and when towing heavy loads; sub- 
marines must operate efficiently both on or near the 
surface and when deeply submerged. Other ships 
are equipped with propulsion plants which cannot 
be reversed or in which a reversing mechanism 
would be inordinately expensive. 

The earliest solutions to this type of problem were 
begun many years ago. When screw propellers first 
were used as auxiliary power on sailing ships it was 
desirable to remove the resistive forces of the drag- 
ging propeller when the ship was making its way 
under sail. Some inventors solved the problem by 
devising rigs to unship the propeller when under 
sail. However, others designed blade feathering 
mechanisms which were the first steps toward the 
controllable-pitch propeller. 

One of the first of these early inventors was Ben- 
nett Woodcroft of Manchester, England. In 1844 he 
patented a controllable-pitch propeller for “varying 
at pleasure the angle of screw propeller blades with 
the axis on which they work, according to the vary- 
ing circumstances of wind, current, tonnage, and the 
other conditions affecting the action of the motive 
power in vessels.” 

Woodcroft’s mechanism was quite simple. The 
bases of the blades were short, cylindrical shafts 
which were fitted into the hub and were free to 
pivot. To each blade was attached a short eccentric 
lever which in turn was pinned to a collar mounted 
around the propeller shaft forward of the propeller. 
This collar could be moved fore and aft by a bell- 
crank arrangement operated by a push-rod from the 
deck thus altering the propeller pitch. 

This idea, although unique, was not entirely new. 
Robert Hooke had demonstrated a wind velocity 
indicator to the Royal Society in 1683 which had a 
similar controllable-pitch feature, and John Millinz- 
ton had proposed such a device for a ship propeller 
in 1816. Woodcroft’s device suffered from the ex- 
posure of the operating mechanism to salt water, but 
otherwise had some of the basic features found in 
pitch control mechanisms in use today. 

A variant of this idea was proposed by Thomas 
Oxley of London in 1845. Rather than changing the 
pitch to alter thrust for a given speed, Oxley pro- 
posed changing the propeller diameter. His arrange- 
ment consisted of a series of telescoping blades which 
were actuated by racks driven by a central pinion. 

Christopher D. Hays of Bermondsey, England, pat- 
ented a quite modern form of controllable-pitch 
propeller in 1845. The pitch control mechanism was 
completely contained within the hub. Levers which 
turned the blades were actuated by a control rod 
running through the center of the propeller shaft. 
Hays included two additional features of interest in 
434 


A.S.N.E. Journal, August 1959 


his patent. By means of a rack and pinion arrange- 
ment the entire propeller assembly could be raised 
out of the water for overhaul. When the blades were 
feathered he also provided sliding shutters on either 
side of the propeller aperture which would fair in 
that part of the ship for easier running under sail. 

In 1848 Joseph Maudsley of London patented an- 
other type of pitch control mechanism. His blades 
were attached to segments of spur gears which 
meshed in such a manner that rotation of one blade 
caused a corresponding rotation of the other. The 
gear of the forward blade was fitted with a swivel 
joint to a sliding collar on the propeller shaft. This 
collar was moved in a fore and aft direction by a 
bell crank and actuating rod in a manner similar to 
Woodcroft’s earlier design. Unlike Woodcroft, how- 
ever, Maudsley completely enclosed his pitch-chang- 
ing mechanism in the hub. 

Robert Griffiths of Le Havre, France, proposed an 
interesting pitch control mechanism in 1849 which 
was basically similar to Woodcroft’s 1844 patent. 
However, the mechanism was contained within a 
spherical hub and the blade actuating levers were 
replaced by a hemispherical inner shell. The most 
interesting feature of Griffiths’ proposal was a leaf 
spring mounting for the control rod. If this propeller 
should overspeed this spring would increase the 
pitch, thus loading down the engine and returning 
the speed to normal. A propeller of this type was 
installed in the Merrimac prior to her encounter with 
the Monitor. 

Bennett Woodcroft was issued another control- 
able-pitch propeller patent in 1851. The mechanism 
of this new propeller was completely enclosed within 
the hub. A concentric sleeve around the drive shaft 
actuated a pair of worm gears which in turn rotated 
worm wheels mounted on the blade pinions. A some- 
what similar arrangement was also proposed in 
which a rack ran through the center of the propeller 
shaft and drove the blade pinions. 

The pitch control mechanisms proposed by Wood- 
croft, Hays, Maudsley, and Griffiths are shown in 
Figure 1. 

When the steam turbine was introduced, the de- 
sirability of changing the direction of thrust by 
reversing pitch again became apparent. This essen- 
tially irreversible power plant required the addition 
of a reversing turbine to stop and back the ship. The 
astern turbine not only reduced the efficiency of 
the ahead turbine but could apply only a limited 
amount of torque for backing down. At reduced 
speeds the early turbines could have been employed 
more efficiently if the propeller pitch could have 
been regulated. But in spite of these indications for 
the need for a controllable-reversible-pitch pro- 
peller, astern turbines were almost universally in- 
stalled in steam turbine-driven ships. This can be 
taken as a definite indication of the lack of reliability 
in early pitch control mechanism designs. 

Astern turbines are not practical when a large 
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Figure 1. Early Propeller Feathering Mechanisms. 
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marine gas turbine is employed for main propulsion 
drives. Windage losses would be excessive when 
idling and overheating would be unavoidable. The 
recent advent of this form of prime mover has 
spurred the seach for better controllable-pitch mech- 
anisms. 

Similarly, the diesel engine has had an important 
effect on the development of this type of propulsion 
device. The diesel engine is essentially a constant 
torque prime mover. Maximum power cannot be 
obtained at rotational speeds other than that for 
which the engine is designed. Thus the speed-power 
relationships of the diesel and the screw propeller 
can only be matched efficiently at the design speed. 
One solution to this problem is the use of a diesel- 
electric propulsion plant; another is the employment 
of the controllable-pitch propeller. 

The Poseidon, a diesel driven tanker, was fitted 
with a controllable-pitch propeller in 1915 but the 
absence of succeeding installations indicates that suf- 
ficient reliability was yet to be achieved. It was the 
blade control mechanism in the Kaplan water tur- 
bine in the 1920’s which demonstrated the needed 
reliability to give impetus to the adoption of the 
controllable-pitch propeller by the marine industry. 

The Swiss, sparked by their success with the Kap- 
lan turbine, were the first to make extensive use of 
controllable-pitch propellers in numerous diesel- 
driven coastal transports, ferries, and tugs. These 
ships employed the Escher Wyss mechanism patented 
in 1933 in which a control rod for blade actuation 
was run through the shaft center in a manner similar 
to that originally patented by Hays. 

In Sweden the controllable-reversible-pitch pro- 
peller provided the solution to a pressing problem. 
The diesel engines used in small fishing vessels were 
of a two-cycle design and burned a low grade of 
fuel. Because of this they were difficult to start, to 
reverse, and to change in speed. The Kamewa pro- 
peller provided the answer. It had a blade-actuating 
hydraulic servomotor and pressure-oil control valve 
located inside the hub with a tubular rod running 
through the shaft which transmitted the pressure oil 
and operated the control valve. 

The Netherlands followed suit with the Schelde 
propeller. This device has a rod-controlled hydraulic 
servomotor and is unique in that the two pairs of 
blades are longitudinally separated thus permitting 
the hub to be no larger in diameter than that of a 
fixed-blade propeller. 

The Germans installed a controllable-pitch pro- 
peller on the center shaft of the triple-screw cruiser 
Leipzig. The purpose of the mechanism, patented in 
1925 by Dr. Mades, was to provide efficient cruising. 
The center shaft was diesel-driven with about 12,000 
shaft horsepower whereas the two outboard shafts 
were turbine-driven with about 30,000 horsepower 
each. The installation was unsuccessful and the 
center wheel was replaced with a fixed-blade pro- 
peller. 
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The United States was much slower in taking 
advantage of controllable-pitch propeller develop- 
ments. In 1940 the Navy fitted a mechanism to a 250 
horsepower diesel tug which immediately went into 
foreign service, thus preventing tests. Because of the 
exigencies of wartime, controllable-pitch propeller 
installations in the 28,000 horsepower destroyer USS 
Dahlgren were never completely evaluated. 

During World War II, however, extensive use was 
made of a simplified version of a controllable-pitch 
propeller by the U.S. Navy. This device was devel- 
oped by the General Motors Corporation and was 
used in conjunction with the installation of one of 
their smaller diesel engines in some 1200 submarine 
chasers and infantry landing craft. The base of each 
of the three propeller blades was a truncated cone 
in which were cut slots to form gear teeth. The 
blades were rotated by fore and aft movement of 
a triangular rack. These propellers were extremely 
successful and required a minimum of maintenance. 
However their basic simplicity limited their versa- 
tility; it was necessary to cut the shaft speed down 
considerably in order to change pitch and frequent 
greasing was required to keep down gear wear. 

In 1945 the U.S. Maritime Commission was plan- 
ning the conversion of a Liberty Ship to gas turbine 
propulsion. Anticipating the need for a controllable- 
pitch propeller for this new power plant, it was de- 
cided to obtain some experience with an experi- 
mental controllable-pitch installation. The CI-M-AV1 
cargo ship, M.V. Single Hitch, was selected and a 
propeller developed by the S. Morgan Smith Com- 
pany was installed. 

Single Hitch was a 338-foot ship powered by a 1600 
horsepower, 180 rpm Nordberg diesel with direct 
drive. The controllable-pitch propeller mechanism 
was hydraulically operated, that is, the control rod 
running through the center of the shaft to the pro- 
peller hub was driven fore and aft by a hydraulic 
piston. This required a pressure distribution box to 
be mounted on the shaft. Some minor problems were 
encountered with cooling water getting into the hy- 
draulic oil but in general the installation was emin- 
ently successful. It led to the ultimate installation in 
the gas turbine-driven Liberty Ship, John Sargeant. 

In 1946 a similar installation was made in the Navy 
100-foot tug YTB 502. Extensive trials were carried 
out on this ship both free-running and with a tow. 
The results of these trials, compared with those on 
another tug of the same class with a fixed-pitch 
propeller, demonstrated the overwhelming superior- 
ity of the controllable-pitch propeller for towing 
service. 

In 1950 the submarine USS Grenadier was fitted 
with controllable-pitch propellers. Difficulty was 
found with seals and with the pitch indicating mech- 
anism which forced the replacement of the wheels 
with fixed-pitch propellers. But this installation did 
show that controllable-pitch propellers have many 
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advantages for submarine use if the mechanical re- 
liability can be improved to the point where no 
problems will be encountered in submerged oper- 
ation. 

There are still several variations of pitch-control 
mechanisms which are being suggested or which are 
being installed in operating ships. One type designed 
by the Manganese Bronze Company in England 
employs a gear and worm-wheel arrangement to 


The Nichols Controllable-Pitch Hub Mechanism (1948). 


Controllable-Pitch Hub Mechanism 
Designed by Manganese Bronze Company, England (1947) 


IN 


The Wislicenus Propeller Hub Mechanism. 


rotate the blades. Another designed by G. Wislicenus 
for the Worthington Pump Company has prestressed 
cables wrapped around a drum at the base of each 
blade. Another mechanical type is the Nichols con- 
trollable-pitch hub mechanism which uses a threaded 
control rod which drives blade-connected crank pins 
through a curved groove to alter pitch. 

Several of these recent types of blade control 
mechanisms are shown in Figure 2. 


“LZ 


on 


The Swedish Kamewa Controllable-Pitch — Mechanism. 


Figure 2. Modern Propeller Pitch Control] Mechanisms. 
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The controllable-reversible-pitch propeller has 
proven to be an excellent special purpose propulsion 
device in those situations which call for its particular 
features. For several years now it has been going 
through an evolution of improvement in efficiency 
and reliability. As yet there is still some question as 
to its reliability for higher speed and power installa- 
tions but it is obvious that in the near future it will 
have completely attained adult stature in the family 
of marine propulsion devices. 


CONTRA-ROTATING PROPELLERS 


Some of the earliest screw propeller installations 
employed a pair of propellers mounted on the same 
axis rotating in opposite directions. This was found 
primarily in the bladed-wheel types of screws, but 
the underwater-windmill devices also occasionally 
appeared in this form. The longer axial length of the 
Archimedian screw obviously did not lend itself to 
such an arrangement. 

It is of interest to speculate why some of the 
earlier inventors such as John Ericsson attempted 
to use this principle when the mechanical difficulties 
which they must have encountered are so obvious. 
Ericsson claimed that contra-rotation gave an in- 
creased efficiency, yet in his twin screw designs he 
did not bother to take advantage of the efficiency 
he might have gained. 

Nor does it seem probable that the unbalanced 
torque reaction of a single screw could have en- 
gendered any problems in heeling ships of the size 
on which most of these devices were installed. This 
then seems to lead to the conclusion that the real 
reason in back of the early adoption of contra-rotat- 
ing propellers must have been the problems which 
cropped up in the yawing of the earlier ships when 
propelled by a screw. 

This “walking” of the stern—to the right with a 
right-hand propeller and to the left with a left-hand 
propeller—might well have been a source of criticism 
of this form of ship propulsion. With the very low 
speeds at which they operated, often within restricted 
channels and with inadequate rudders, uncontroll- 
able maneuvers could have been a very frequent 
occurrence. In fact, one of the basic objections to 
Ericsson’s first craft by the British Admiralty was 
that steering would be impossible with the propul- 
sion device at the stern. 

Gradually these objections must have been over- 
come since the use of contra-rotation died out with 
the increased use of the screw propeller. Yet the 
principle certainly did not die. In 1888 Professor A. 
G. Greenhill, in a treatise on screw propeller theory, 
analyzed propellers operating on the same axis turn- 
ing in opposite directions. And in 1892 a Swiss pas- 
senger boat was equipped with wheels of this design. 

The first real experimental proof that increased 
propulsive efficiency could be obtained with contra- 
rotating propellers resulted from a series of tests by 
G. Rota in the first decade of the twentieth century. 
438 
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Working with a 46-foot boat at Castellammare di 
Stabia in Italy he proved conclusively that a gain in 
efficiency could be derived from this form of pro- 
pulsion. 

It was the military torpedo, however, which gave 
the major impetus to the development of contra- 
rotating screws for marine propulsion. The torpedo 
is a somewhat different type of waterborne vehicle 
than the surface ship or even the submarine. It is an 
extremely interesting vehicle in that its inherent 
symmetry can be used to advantage in producing an 
ideal hydrodynamic form and a wide variety of 
special types of propulsion systems are applicable to 
it. 

Robert Whitehead, in 1864, began experiments 
which led to the development of the first modern 
type of self-propelled torpedo. Whitehead, who was 
superintendent of ironworks at Fiume, Austria, de- 
veloped a torpedo by 1870 which had many of the 
characteristics found in the torpedoes of World War 
II. His weapon could be adjusted to run at depths 
between five and fifteen feet below the surface at 
speeds of fifteen to twenty knots. It could run a 
straight course and could be adjusted to stop at any 


-time within its range and either float or sink at that 


point. Its range was 300 to 1000 yards and it could 
carry 33 pounds of explosive. Powered by a 40 
horsepower, three cylinder, Brotherhood engine it 
proved to be a formidable weapon in its time. 


Torpedoes evolved through progressive stages of 
development to those used effectively by submarines 
of the U.S. Navy in destroying the naval forces and 
merchant fleet of Japan in World War II. The two 
basic types of weapons used during that conflict 
were the steam torpedo and the electric torpedo. 


The steam torpedo consisted of four major sections 
as show in Figure 3. The forward section was the 
warhead containing from 400 to 800 pounds of high 
explosive. Just aft of the warhead was the airflask 
section which occupied about one-third of the length 
of the torpedo. It contained an airflask of compressed 
air under high pressure, water tanks, fuel tanks, and 
control valves. The afterbody section contained the 
torpedo engine room. In it were the combustion flask, 
or boiler, the main drive turbines, and the reduction 
gears. The gears drove two concentric, contra-ro- 
tating shafts which drove the propellers. The tail 
section contained the propellers, exhaust valves, and 
the mechanism which controlled the vertical and 
horizontal rudders. 


These torpedoes averaged 21 inches in diameter, 
21 feet in length, and displaced about 3000 pounds. 
They were used by surface vessels, such as destroyers 
and patrol torpedo boats, and by aircraft, as well 
as by submarines. They had ranges from 4000 to 
10,000 yards and attained speeds from 27 to 45 knots. 
They were primarily shallow running devices being 
designed to explode under the keel of the largest 
surface vessels operating at that time. 
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Figure 3. The World War II Steam Torpedo. 


The electric torpedo was similar in general design 
to the steam torpedo. The air flask was replaced by 
storage batteries and the combustion flask and tur- 
bines by an electric motor. A small air flask located 
in the afterbody provided motive power for the op- 
eration of depth and steering controls. These tor- 
pedoes were used only by submarines because their 
construction was such that they could not withstand 
launching from surface vessels or aircraft. 

The directional control system of these weapons 
utilized a gyroscope for primary guidance. Just prior 
to launching the axis of the gyroscope was set rela- 
tive to the torpedo by a gyro-setting regulator. The 
vertical rudders were then actuated by an air system 
to maintain the torpedo on a course such that the 
gyro axis was always parallel to the torpedo axis. 
Depth control was maintained by the air-actuated 
horizontal rudders or diving planes. The control sys- 
tem consisted of a combination of a pendulum and 
a diaphragm mounted on the skin of the torpedo. 
The pendulum provided sensing of the angular in- 
clination of the torpedo and the diaphragm indicated 
pressure, which is a function of depth. Prior io 
launching, the torpedo was set for a given depth 
of run which it then maintained from launching to 
impact. 

Contra-rotating propellers were used in torpedoes 
for two primary reasons. First and foremost, the bal- 
anced torque reaction was essential to prevent rolling 
since the transverse stability of the torpedo is limited 
to that which is derived from the vertical and hori- 
zontal tail fins. A second reason for the contra- 
propellers is to permit a relatively high power to 
be transmitted by a small diameter wheel. When 
launched through tubes it is, of course, necessary 
that the propeller diameter be less than that of the 
torpedo body. 

The Aerojet Mini-Sub, a small two-man submar- 
ine, is equipped with contra-rotating aircraft-type 
propellers for which an open water efficiency of 85 


percent is claimed. For high speed, lightly loaded 
blades this sort of efficiency is possible. On larger 
single-screw submarines such as the USS Albacore 
(AGSS 569) it has not yet been necessary to go to 
contra-rotating screws. Yet if the tremendous 
torques which may be obtained in the future with 
nuclear power are applied in single-screw submarine 
installations, it may eventually be necessary to use 
propellers of this type. 


Even in surface ships with increased power and a 
limitation on propeller diameter it may eventually 
be necessary to employ contra-rotating propellers to 
absorb the power within the available dimensions. 
But as of today this type of propulsion is limited in 
its application to specific types of waterborne 
vehicles. 


THE KORT NOZZLE 


The screw propeller is inefficient when operating 
at high slip. This condition exists when a tug is 
pulling a very heavy tow; under this condition the 
speed of advance is low but the propeller is rotating 
at fairly high speed. To obtain propeller efficiency 
at high slips it is desirable to increase the velocity 
of flow of water through the propeller to a value 
higher than the speed of advance of the ship. A 
device to accomplish this purpose was invented by 
Ludwig Kort in 1933 and patented in 1936. 

As shown in Figure 4, the Kort Nozzle consists of 
a contracting nozzle, rigidly fixed to the ship, in 
which the propeller is mounted. The cross-section 
area of the nozzle is large at the inlet and is rapidly 
reduced to the propeller disc area at the propeller 
position. The velocity of the water entering the nozzle 
is correspondingly increased. Thus the propeller can 
operate at a lower and more efficient slip condition. 

Two 325 horsepower diesel harbor tugs, the Jane 
and the Marion, were built with Kort Nozzles in 
1939 by the Pusey and Jones Corporation for the 
Curtis Bay Towing Company. Their performance 
was rated outstanding by the operators and they 
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Figure 4—Sketch of the Kort Nozzle. 


were said to compete on an equal basis with similar 
tugs of 500 horsepower. The first river towboat in- 
stallation in the United States was made in a con- 
version of the Neville in 1939. This was followed by 
the Wm. Penn in 1940, the Victory in 1940, and the 
Peace in 1941. Since that time the Kort Nozzle has 
become a much relied upon propulsion device on the 
inland rivers of the United States. 


In 1941 the United States Maritime Commission 
decided to use Kort Nozzles on the V4-M-A1 class 
of ocean-going tugs. These big tugs were 195 feet in 
length and were driven by two 1100 horsepower 
diesel engines geared to a single shaft. Extensive 
model tests were conducted on this design some of 
the results of which are shown in Figure 5. 
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Figure 5. Model Test Results on the V4-M-A1 Seagoing Tug. 
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Due to wartime exigencies complete full-scale 
trials were not performed on these ships. But as 
an indication of their towing power the author per- 
sonally witnessed the parting of a dynamometer on 
a dead pull bollard test in Milwaukee. The rated 
capacity of this dynamometer was 100,000 pounds! 

Some variations of the basic Kort Nozzle have 
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Figure 6—Matheisel’s Inverse Rotor. 
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been proposed. One interesting inversion was pat- 
ented by Rudolph Matheisel of Northfield, New 
Hampshire in 1950. His invention is shown in Fig- 
ure 6. It consists of a nozzle in which the propeller 
blades are carried in a ring which rotates in bearings 
in the nozzle structure. Fixed vanes are installed 
fore and aft of the rotating blades to obtain better 
flow conditions. 

The primary advantage of this device is that the 
propeller shaft, shaft struts, and propeller hub are 
eliminated, thus providing undisturbed flow to the 
blades. Whether these advantages will be offset by 
mechanical friction losses encountered in driving the 
large rotor and the obvious difficulties of sealing off 
the bearings from the corrosive effects of salt water 
can only be determined by experience with a full 
scale unit. 

Another modification which has actually been tried 
in practice is the steering Kort Nozzle. This involves 
rotating the nozzle in the same manner as a rudder 
would be turned. The directional jet stream emanat- 
ing from the nozzle can thus effect a powerful turn- 
ing force on the ship. Again some mechanical prob- 
lems have been found, but in all probability this 
combination of high thrust at low speed and con- 
trolled direction of thrust will eventually gain wide 
recognition. 

The fixed Kort Nozzle has proven itself in one of 
the most exacting services in the world—inland 
river towboats. The Dravo Corporation of Pitts- 
burgh, Pennsylvania, has been the prime developer 
of this propulsive device to its present position of 
eminence in towboat service. One of their installa- 
tions is shown in Figure 7. 

The Kort Nozzle as a solution to the low speed 
towing problem is a notable example of the great 
advantages which can be gained in designing special 
devices for specific marine propulsion requirements. 


Figure 7. Kort Nozzle on an Inland River Towboat. 


STEERING SCREWS 


The idea of combining the thrust-producing de- 
vice on a ship with means for steering the ship has 
long been a desire of marine inventors. If direction- 
ality can be given to the propeller jet, a much 
greater turning force can be applied to the ship 
than when a rudder is inserted in the propeller race. 

One of the first references to using the screw pro- 
peller in this fashion was a very unique idea pro- 
posed by Bennett Woodcroft in his 1851 patent for 
a controllable-pitch propeller. One blade control 
arrangement which he devised permitted the blades 
of the propeller to twist on their axis independently 
in such a manner that each blade would move edge- 
ways through the water during one part of a revo- 
lution and sideways during the remaining part of 
the revolution. By proper orientation of the control 
mechanism it was possible to obtain thrust in a 
direction perpendicular to the longitudinal axis of 
the ship thus creating a turning moment in the 
desired direction. 

In 1862 William Joseph Curtis patented the steer- 
ing screw shown in Figure 8. The propeller is mount- 
ed on the tailshaft through a universal joint and is 
carried on a bearing which is affixed to the rudder. 
When the rudder is turned the propeller axis is also 
turned, thus producing thrust in the desired di- 
rection. 

S. W. Barnaby in his book on marine propellers in 
1900 referred to a similar design as the patent of Mr. 
F. H. White. He pointed out that an additional ad- 


Figure 8. Curtis’ Steering Screw. 
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vantage of this type of steering screw was the fact 
that once a turn had been initiated the forces de- 
veloped on the propeller blades would be such as 
to hold the propeller-rudder combination in the 
turned position, thus requiring little additional effort 
to maintain the ship in the maneuver. 

Another form of steering screw of a related type 
was suggested by Professor Victor Lutschaunig of 
the Imperial and Royal Academy of Trieste in 1874. 
This consisted of a small steering screw mounted at 
the after end of the rudder and driven by a shaft 
through the rudder which in turn was connected to 
the after end of the main propeller shaft through a 
universal joint. 

In 1879 a steering screw was installed in the U.S. 
torpedoboat Alarm after removal of the Fowler 
Steering Propeller which will be discussed in a later 
section. This screw was devised by a Colonel Mal- 
lory. It was driven through a vertical shaft and bevel 
gear drive and was mounted under the stern of the 
ship. The supporting strut which contained the verti- 
cal shaft was free to rotate thus giving both pro- 
pulsive and steering action to the screw. This screw 
could be rotated through a full 360°, thus providing 
for backing down as well as steering. Trials con- 
ducted in 1880 and 1881 found the device to be very 
successful. 

In 1911 a form of steering screw was proposed by 
Macklind and Stroop for use in propelling and steer- 
ing Mississippi River towboats. It was intended that 
the screw configurations should be similar to that 
of Colonel Mallory’s with the engines mounted on 
deck both at bow and stern. 

This proposal was actually put into use during 
World War II when diesel engine-driven pivoting 
screws were used extensively for barge and floating 
crane propulsion. These units, built by Murray & 
Tregurtha, delivered up to 300 horsepower, were 
relatively portable, and could be shifted from one 
barge to another. The engine itself was stationary 
but the vertical shaft driving the propeller permitted 
the propeller to be rotated through 360° in the hori- 
zontal plane. In addition, the vertical shaft bearings 
were pivoted at deck level so that the entire pro- 
peller assembly could be swung out of the water 


Figure 9. The Murray and Tregurtha Steering Screw As- 
sembly with Propeller and Vertical Shaft in Stowed Position. 


442 A.S.N.E. Journal, August 1959 


when not in use. One of these units is shown in 
Figure 9. 

The outstanding modern example of the steering 
screw is the simple outboard motor used to propel 
so many sports and pleasure craft today. In this 
device the engine, vertical drive shaft, and propeller 
all can be turned together to give thrust in any 
desired direction. Figure 10 is a typical illustration. 

Most of the earlier types of steering screws were 
plagued by mechanical and leakage problems which 
unfortunately resulted in damage and corrosion of 
the underwater mechanisms and required drydock- 
ing for repairs. It is only in recent year that a reliable 
means of providing directional thrust through a 
completely submerged mechanism has been devel- 
oped. 

This development came about from the application 
of a submersible well-pump motor to the steering of 
ships. In Germany, Pleuger & Co. developed a sub- 
mersible A.C. electric motor which has been used 
for ship steering in the so-called Active Rudder. A 
small nacelle containing the motor is fitted in the 
rudder with a screw propeller mounted on the after 
end, as shown in Figure 11. The rudder is turned 
with the usual steering engine and the thrust of the 
propeller is delivered to the rudder stock at an angle 


Figure 10. The Modern Outboard Motor. 
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Figure 11. The Pleuger Active Rudder with the Auxiliary 
Propeller Mounted in a Kort Nozzle. 


to the ship centerline which is identical to the rud- 
der angle. 

This device became available in the late 1940’s and 
has been installed in many ships such as tugs, traw- 
lers, and minesweepers which must have good 
maneuverability when towing at low speed. It has 
also been suggested that the submersible motor- 
propeller combination be installed in the bow of 
oceanographic vessels which must hover for long 
periods when soundings are made. This form of bow 
traction installation would aid in holding the ship 
steady against wind and current. 

Main propulsion steering screws do not appear to 
be entirely practical for large ships. They are, how- 
ever, extremely well developed and reliable devices 
for propelling and controlling small craft. In ad- 
dition, as auxiliary devices on larger ships which 
require good control and maneuverability they are 
a highly advantageous special purpose propulsion de- 
vice. 


THE VERTICAL AXIS PROPELLER 


One of the most unique and interesting propulsion 
devices which supplies a controllable, directional 
thrust is the vertical axis propeller. The term verti- 
cal axis propeller includes that wide variety of pro- 


peller types which have been called horizontal 
paddle-wheels, rotating blade propellers, cycloidal 
propellers, and other descriptive cognomens. This 
term refers basically to those propellers having a 
vertical axis of rotation with a series of vertical 
blades displaced in a circle around the rotational 
axis to which are also imparted some form of rotation 
on their own axes. 

The earliest example of a vertical axis propeller 
design was the horizontal watermill proposed by 
Robert Hooke in 1681 which has been described in 
a previous article. It had the basic characteristics 
of some modern-day vertical axis propellers with the 
exception that it was designed to extract power from 
the water rather than to apply power to it. A 
similar device was tried for ship propulsion by 
DuQuet at Marseilles in 1693. 

One of the first references to such a propeller in 
a moderately successful shipboard installation was a 
patent applied for by Lt. W. W. Hunter in 1842. 
Hunter’s propeller apparently consisted of a drum, 
with its axis vertical, around the periphery of which 
were placed a number of hinged paddles. The hinges 
were so fitted that when the paddles moved forward 
they lay against the surface of the drum; when the 
paddles moved aft they swung out against stops to 
provide a propulsive thrust. Model tests in the C&O 
Canal in Washington were so successful that the 
Navy undertook construction of a ship, the Union, 
for the specific purpose of testing this invention. The 
ship was 184.5 feet in length with a beam of 33.5 
feet and depth of 16.75 feet, displacing 900 tons at a 
draft of 11 feet. The Union, in spite of several suc- 
cessive alterations, was difficult to maneuver and 
never attained a speed greater than six knots. The 
Hunter and the Allegheny were also constructed 
with this type of vertical axis propeller. 

In about 1870 in Great Britain a Mr. Moody and 
a Mr. Fowler independently proposed another type of 
horizontal paddle-wheel which came to be known. as 
the Fowler Steering Propeller. One of these propel- 
lers was installed in the U.S. torpedoboat Alarm 
in 1874. The unit consisted of a completely sub- 
merged horizontal paddle-wheel with feathering 
blades; it was mounted just abaft the sternpost. An 
adjustable eccentric on the vertical shaft controlled 
the feathering, and rotation of the eccentric would 
permit the delivery of thrust in any selected direc- 
tion. The Alarm was said to be very maneuverable 
but very inefficient in forward propulsion. In 1879 
the Fowler Steering Propeller was removed and re- 
placed with the Mallory steering screw. 

The first of the modern types of vertical axis pro- 
pellers was developed by Professor Frederick K. 
Kirsten of the University of Washington with the 
support of Mr. William E. Boeing in 1921. The Kirs- 
ten-Boeing propeller was tested extensively in the 
University of Washington wind tunnels and in the 
Experimental Model Basin in Washington, D.C. Ad- 
miral D. W. Taylor said in a letter to Mr. Boeing 
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that the EMB tests demonstrated that this propeller 
could attain an efficiency decidedly higher than a 
screw propeller at small slips and lower at large 
slips. He believed that for ships with a wide flat stern 
higher efficiencies could be achieved with the Kirs- 
ten-Boeing propeller than with the conventional 
screw. 

The basic mechanism of the Kirsten-Boeing pro- 
peller is almost identical with that of Robert Hooke’s 
watermill and with many of the designs of feathering 
paddle-wheels. The principle of operation is shown 
in Figure 12. In this propeller the blade axes are 


direction and relative amount of thrust for two dif- 
ferent positions of the center control arm. The 
length of the directional arrow in each case indi- 
cates the thrust amplitude. 

In all modern types of vertical axis propeller the 
blades are spade-shaped hydrofoils. They are mount- 
ed in a large circular plate which fits neatly into a 
broad flat area of the underwater body of the ship. 
The circular rotor plate is barely submerged and a 


Figure 12. Diagrammatic of the Operation of the Kirsten- 
Boeing Propeller. 


geared together in such a manner that each blade 
oscillates through a 180° arc for each complete revo- 
lution of the rotor plate. The arrows in the drawing 
indicate the directions of rotation and thrust. It can 
be seen that throughout more than half its travel 
each blade is delivering propulsive thrust and during 
the remainder of its travel it is coasting. The gearing 
arrangement is such that the phase angle between 
the blades and the rotor can be varied to provide 
thrust in any desired direction. The amount of 
thrust delivered can be controlled only by the speed 
of revolution of the rotor. 


In 1926 an Austrian engineer, Ernst Schneider, 
developed another form of vertical axis propeller in 
conjunction with the German firm, J. M. Voith Co. 
The Voith-Schneider propeller is a much more 
sophisticated device than the Kirsten-Boeing propel- 
ler in that it provides pitch control. Blade angles are 
controlled through a series of linkages so arranged 
that not only the direction of thrust but the amount 
of thrust can be altered without changing the rotor 
speed. The two sketches of Figure 13 show the 
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Figure 13. Diagrammatic of the Operation of the Voith- 
Schneider Propeller. 
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well is provided which extends above the waterline 
thus preventing water from leaking into the ship. 
Small vanes are frequently provided around the 
periphery of the rotor such that water flowing into 
the well is pumped out, thus reducing frictional 
resistance around the rotor casing. 

The Voith-Schneider propeller became increasing- 
ly popular in Europe in the 1930’s and 1940’s for 
many special types of craft. The swift-flowing rivers 
of the continent were a natural element for this 
form of propulsion. During World War II the Ger- 
man Navy made extensive use of Voith-Schneider 
propellers in the R-Class minesweepers. These ships 
had twin propellers driven by 900 horsepower 
M.A.N. diesel engines. Maximum speed on these 
135-foot ships was 18.5 knots and they proved to be 
very maneuverable and well adapted to the job of 
sweeping for mines. 

The German Navy also installed Voith-Schneider 
propellers in a group of 350-ton floating cranes. The 
only one of these now in service was brought to the 
United States and is presently working out of the 
Long Beach Naval Shipyard. This, the largest float- 
ing crane in the world, is fitted with three vertical 
axis propellers, two aft and one forward. Each pro- 
peller is independently driven by a 700-horsepower 
electric motor. With a single operator at the controls 
this huge crane can be maneuvered with ease, mov- 
ing forward, backward, sideways, or in a diagonal 
direction. It can be held easily against a wind or 
tide while working alongside a pier or a ship. The 
personnel aboard are enthusiastic in their descrip- 
tions of its performance under all sorts of adverse 
conditions. 

After World War II a pair of Kirsten-Boeing pro- 
pellers were fitted in a U. S. Navy landing ship 
(LSM 458). Although the hull of this ship was not 
specifically designed for vertical axis propellers, it 
did have many of the desired characteristics. Since 
these particular ships had a very low propulsive 
efficiency with screw propellers, on the order of 
30%, it was not feasible to evaluate the relative effi- 
ciencies of the two means of propulsion. 

Two Voith-Schneider propulsion units were 
brought to the United States in 1945 by the Army 
Transportation Corps. These were installed in a 
mineplanter specifically designed for vertical axis 
propulsion. This ship was later turned over to the 
Navy and designated YMP-2. It has performed its 
designed functions well in service. 

Beginning in 1947 the U. S. Army Transportation 
Corps worked with the Pacific Car and Foundry 
Company to develop a simplified vertical axis pro- 
peller which had the flexibility of the Voith-Schnei- 
der unit but not its complexity. This was a controlla- 
ble-pitch propeller but with a sinusoidal rather than 
a cycloidal motion of the blades. A diagram show- 
ing the action of the sinusoidal propeller is given in 
Figure 14. A comparative plot of the blade motion of 
the Kirsten propeller, two types of cycloidal mo- 


Figure 14. Diagrammatic of the Operation of the Sinusoidal 
Propeller. 
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Figure 15. Comparative Blade Motions of Various Types of 
Vertical Axis Propellers. 


tion, and sinusoidal motion is given in Figure 15. 

The sinusoidal propeller was first installed in a 
small tug which performed amazing maneuvers with 
ease. A similar unit was built into the bow of the 
Northampton. This was an LST converted for serv- 
ice as a ferry. The bow propeller was provided for 
the difficult docking problems which had to be met 
by this ship. 

The ability of the vertical axis propeller to with- 
stand rugged commercial service was demonstrated 
in the U. S. Army Towboat LTI-2194. This ship was 
fitted with sinusoidal propellers and was operated 
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for the Army by the Mississippi Valley Barge Line 
for a period of two and one-half years. The towboat 
was in regular commercial service on the Ohio, 
Illinois, and Missouri Rivers, and was praised for 
her ability to handle large tows under difficult oper- 
ating conditions. 

Recently the Army Transportation Corps built a 
beach discharge lighter Lt. Col. John P. D. Page. 
The Page is 338 feet in length with a beam of 65 
feet and displaces 2,549 tons at a mean draft of 10 
feet. She is equipped with two 1,200 horsepower 
vertical axis propellers and has a designed speed of 
over 12 knots. Figure 16A is a photograph of a pro- 


Figure 16A. A Typical Vertical Axis Propeller Assembly. 


Figure 17. The Voith Watertractor. 


peller similar to those installed in this ship, and 
Figure 16B is a sectional view of one of the Page’s 
propellers. 

Although the sinusoidal propeller now seems to 
be favored in the United States, the Voith-Schnei- 
der propeller is being used extensively abroad. One 
of the latest designs employing it is the Voith Wa- 
tertractor shown in Figure 17. One of the most in- 


\ 


Figure 16B. Cross Section of BDL Propeller. 
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teresting features of the design is the forward loca- 
tion of the twin propelling units with the engines 
mounted aft. The propellers are protected from un- 
derwater damage by a skeg arrangement which is 
designed as a hydrofoil to produce an augmented 
thrust at high slips in a manner similar to the Kort 
Nozzle. 

The machinery and propeller arrangement per- 
mits the towing hooks or bollards to be located at 
the stern rather than close to amidships, as is re- 
quired for effective rudder action on a screw-pro- 
pelled tug. The towline can thus always be directly 
in line with the propulsive thrust and the problem 
of heeling the ship under tow is avoided. The Water- 
tractor is also designed to operate as a pushboat 
when going astern. 

The vertical axis propeller is gradually finding its 
place in the marine propulsion field. It cannot com- 


pete with the screw propeller in ships designed for 
long ocean voyages but where a high degree of ma- 
neuverability is required the vertical axis propeller 
is a versatile and useful propulsion device. 


EprtTor’s Note: In Part II of this paper which will 
be published in the November 1959 issue of the 
Journal, the author presents: 

Air Screws. 

Surface Propellers. 

Tracked Vehicles. 

Hydraulic Jets. 
with appropriate conclusions and bibliography. 


ACKNOWLEDGEMENT 


Part of the literature search on which this article 
is based was done under contract DA-44-77-TC-409 
with the U.S. Army Transportation Corps. 


The largest tanker yet built in an American shipyard has recently com- 
pleted an unusually extensive agenda of sea trials. The PRINCESS SOPHIE, 
designed by the Central Technical Department of Bethlehem Steel's Ship- 
building Division, and constructed at the Quincy yard, is the first American 
built tanker that cannot traverse the Panama Canal. The sea trials included 
standardization of SHP and RPM over the measured mile, ahead and astern 
steering, turning circle data, crash stops from ahead and astern, fuel con- 
sumption, and several others. Very complete instrumentation included 
strain gauges for rudder stock torque measurements and more than 400 
accelerometers for vibration measurement and analysis. Having passed 
her trials with flying colors, the ship is now in the service of its owner, the 
World Brilliance Corporation of Monrovia, Liberia. The principal charac- 
teristics of the ship are: 


Length, overall 859 ft. 
Beam 115 ft. 
Depth 60 ft. 
Draft 44 ft. 
DWT 71282 tons 
Displacement 91350 tons 
Cargo capacity 647,500 bbl. 
SHP 23,000 
Speed 16!/, kts. 


—from MARINE ENGINEERING/LOG, May, 1959 
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THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country's glorious future 
depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watch- 
words of the present and the future. 


At home or on distant stations we serve with pride, confident in the re- 
spect of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 
Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and greater 
power to protect and defend the United States on the sea, under the sea, 
and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of the 
new Navy. The roots of the Navy lie in a strong belief in the future, in 
continued dedication to our tasks, and in reflection on our heritage from 
the past. 


Never have our opportunities and our responsibilities been greater. 
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== on the fuel cell has been carried out 
sporadically for almost a hundred years, but there 
has been a decided awakening of interest in recent 
years. By definition, a fuel cell is a primary electro- 
chemical device which effects the oxidation of a fuel 
with conversion of a substantial portion of the heat 
of combustion directly to electrical energy. A true 
fuel cell must operate continuously with a steady 
and constant output of electrical energy and with 
continuous supply of fuel to the negative electrode 
and of oxidant to the positive electrode. Only re- 
cently have fuel cells been devised which begin to 
meet this criterion of steady output. 


Why is there such a widespread interest in the fuel ° 


cell? In a broad sense, the main attraction is the 
potentially higher efficiency that can be achieved in 
the conversion of natural fuels to electrical energy. 
It does not, in itself, introduce a new source of 
energy such as in the case of nuclear fission and 
fusion. Its main function would be to extend our 
resources of fossil fuels. 


A number of different types of fuel cells have been 
under development. All cells for which any success 
has been claimed operate with gaseous fuels, and 
discussion will be limited to these. Ultimately, of 
course, the authors’ company is interested in the use 


of solid fuels, particularly coal, which is by far our 
most abundant fossil fuel for generation of power. 
Prior gasification of coal can be used to produce fuel 
gas for use in the fuel cell. As will be discussed fur- 
ther, this operation can be conducted in integration 
with the fuel-cell process itself to produce a high 
potential efficiency for generation of power from coal 
as well as from other natural fuels. 

There are really two basic types of fuel cells that 
have been under development. The low and medium- 
temperature cells operate broadly in the temper- 
ature range of room temperature to about 250°C. 
These cells are characterized by the fact that high 
output is only achieved when relatively pure hydro- 
gen is used as the fuel and pure oxygen as the 
oxidant. 

The most highly developed cell of this type op- 
erates at moderately elevated temperatures and at 
relatively high pressures of about 600 psi. This is the 
cell developed by F. T. Bacon’ in England, whose 
use in this country is being developed by the Patter- 
son Moos Division of the Universal Winding Com- 
pany. 

These hydrogen-oxygen cells have achieved con- 
siderable success in the course of their laboratory 
development. They are of interest for specialized 
military and possibly civilian applications. In their 
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present state of development, however, they cannot 
be regarded seriously as a major power source. This 
is because the cost of the fuel and of the oxidant is 
as great as the cost of power generated directly from 
natural fuels by more conventional methods. Even 
the apparent advantage of the fuel cell for generation 
of power at a high efficiency level tends to disappear 
with this kind of cell. This can be shown by reference 
to Table I. Here we see the over-all balance for a 
scheme where electric power is generated from 
methane by way of its prior conversion to hydrogen 
and its final combustion in a high-pressure Bacon 
_ type cell. It is seen that the over-all electrical ef- 
ficiency, based on the methane feed, is somewhat 
smaller even than one obtains by more conventional 
power-generation methods. 


Taste I. Energy balance in operation of hydrogen-orygen 
cell at 600 psi 1 lb. mol, CH, as primary fuel 


Gross heating value, Btu 


H: product at 100 psig. ............. 233,000 
Electrical energy in Btu equivalents at 

Current density, amp per sq. ft. ............ 9.3 93 
Consumed in oxygen plant ................ 21,500 21,500 
Consumed for gas compression ............ 14,400 14,400 
124,900 106,600 
Over-all electrical efficiency, in per cent... 32.7 27.8 


HIGH-TEMPERATURE CELLS 


The other type of cell that has been under develop- 
ment in various laboratories in the world is the so- 
called high-temperature cell. This cell is character- 
ized by the fact that the operating temperature is 
above 500°, principally in the range of 500° to 850°C; 
that operation is carried out at atmospheric pressure; 
that air can be used as the oxidant; and that ordinary 
fuel gases which can be generated directly from coal 
or other fossil fuels such as water-gas can be used. 
The most extensive work in this field has been car- 
ried out in Holland at the University of Amsterdam 
under Ketelaar.** Considerable success has been ob- 
tained in this work and cells have been devised 
which show steady operation at operating tempera- 
tures for periods of six months. 


EXPERIMENTAL WORK 

The authors’ company has been working for sev- 
eral years under Signal Corps sponsorship on the 
development of a high-temperature fuel cell. The 
work paralleled fairly closely that performed at 
Amsterdam. The type of fuel cell that was used is 
shown in Figure 1. Any commercial development 
that arises would, in all likelihood, operate on a sim- 
ilar principle. 

The fuel cell is composed of two flanges between 
which an electronically insulating but electroly- 
tically conducting electrolyte matrix is disposed. This 
matrix is composed of a porous-magnesia refractory. 
It is impregnated with a molten carbonate mixture 
which serves as the electrolyte. 
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Figure 1. Experimental high-temperature fuel cell. 


Two porous electrodes are disposed in the gas 
chambers on either side of the electrolyte matrix. 
Fuel gas is passed in and out of one of these cham- 
bers while air passes in and out through the other 
one. The air electrode is composed either of a porous 
sintered semi-conducting nickel oxide or of silver- 
wire gauze. Equally good results can be obtained 
with either. The fuel-gas electrode can be porous 
sintered-nickel metal, although other materials, such 
as porous iron, can be used. Figure 1 illustrates one 
of the authors’ earlier fuel-cell models. Work is now 
being conducted with pressurized double-porosity- 
type electrodes for which much better performance 
is anticipated. 

Good operating characteristics have been attained 
with these cells using carbon-monoxide carbon-diox- 
ide mixtures as the fuel gas with an iron-activated 
fuel electrode. Broers and Ketelaar have obtained 
very good performance with a similar system where 
the iron activator is backed up with a silver-gauze 
electrode. The porous-nickel, single-porosity elec- 
trode gives fair performance with CO-CO, mixtures. 
This is illustrated in Figure 2 where the cell voltage 
under steady operating conditions is shown as a 
function of the carbon-monoxide carbon-dioxide 
ratio and the current density and the temperature. 
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Figure 2. Cell performance data with CO-CO. fuel gas. 


The theoretical open-circuit voltage for these mix- 
tures is of the order of one volt. 
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Nickel, however, operates very well as a fuel elec- 
trode when hydrogen is present. Figure 3 shows 
similar data on cell operating characteristics at 
750°C for a hydrogen-steam mixture as a fuel gas. 
The open-circuit voltage of the cell changes with 
current density due to change of gas composition as 
a result of the cell reaction. This change was cal- 
culated by means of the Nernst equation and the 
corrected voltage is shown as the upper curve. The 
IR drop in the cell is the difference in voltage be- 
tween these two curves. It is found that the IR drop 
is equal to the resistance measured with an a-c 
bridge. We therefore conclude that the cell operates 
without polarization with a hydrogen fuel gas. No 
polarization was observed at the air electrode at the 
current densities up to 125 milliamperes per sq. cm., 
using either lithiated nickel oxide or silver gauze. 
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Figure 3. Cell performance data with H.-H-O fuel gas at 750°C 


POTENTIAL APPLICATION 


What is the potential of the high-temperature 
fuel-cell system as a primary energy source? Several 
factors will determine the over-all economics of such 
an operation. First, the fuel cost which is a reflection 
of the thermal efficiency of the cell. Second, the in- 
vestment and operating costs must be considered. 
These latter two costs are very much a function of 
the cost of the individual fuel-cell elements and of 
their life. It is difficult, at the present time, to get a 
realistic estimate of the cost of the elements in the 
fuel cell since many of the materials are either not 
manufactured at all or made on a very small scale. 
Cell life, it would appear from the authors’ work and 
that of Ketelaar,?* can be of the order of at least six 
months. However, the ultimate life must be larger 
for such a system to be practical. The cell output per 
unit of electrode area also will have a great bearing 
on the economics of the operation of the system since 
the cost of the individual electrode area is fairly well 
fixed. 


The authors’ work and that of Ketelaar ** have 
shown that a current output of the order of 35 amp. 
per sq. ft. can be obtained at an operating voltage of 
0.75, but a detailed theoretical analysis shows that 


RECYCLE NATURAL 
GAS CASE ONLY 


Figure 4. Integrated fuel-cell systems. 


further cell development can yield a current output 
of 200 amp. per sq. ft. at the operating voltage of 
0.75. Such a current output would, if the cell were 
sufficiently long-lived, approach that required for 
commercial operation. 


The other important factor in the fuel cell is the 
over-all thermal efficiency for conversion of the orig- 
inal fossil fuel to electrical energy. An integrated 
system for effecting this conversion using either coal 
or natural gas as fuel is shown in Figure 4. The 
scheme shown is based on the premise, which has 
been demonstrated by prior work, that carbon dioxide 
addition to the air is necessary to achieve a high-out- 
put fuel cell. We see here a high-temperature cell 
composed of rectangular elements disposed in par- 
allel through which the fuel gas is passed counter- 
current to the air. The system shown at A and 
B is a circulating-carbon-dioxide-acceptor system 
which operates countercurrently and adiabatically 
to effect the transfer of CO. from the exhaust gases 
leaving the cell to the air entering the cell. The cells 
have re-forming catalysts disposed in the gas channel 
to convert methane into CO and hydrogen. The heat 
released during the cell operation is available to 
carry out this endothermic reaction. The gas leaving 
the CO, acceptor system is rich in hydrogen and may 
be either simply recirculated where natural gas is 
used as fuel or passed through a coal hydrogenation 
or hydrodevolatilization zone to produce the gas re- 
quired for fuel-cell operation. 


An over-all heat material balance has been made 
around the operation of such a system based on 
rather extensive knowledge of the coal hydrogena- 
tion-gasification ‘ operation. This balance was made 
around a fuel cell operating at 0.75 volt. The efficien- 
cies for three sources of fuel to the cell are shown 
in Table II. The first is gas produced by hydrode- 
volatilization of coal; the second is gas from complete 
coal hydrogenation; and the third is natural gas. It 
is seen that the efficiency attainable ranges up to 70 
per cent for complete conversion of the coal. Another 
system which can be used for complete coal conver- 
sion which was not illustrated involves gasification 
of the coal with steam in indirect heat-exchange re- 
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TABLE II. Over-all maximum electrical efficiency 
H T COMBUS- 
TION, BTU 
A. Coal devolatilization 

48 lb. char. burned to supply endothermic heat of 
1,508,000 
58.1 lb. char. product from devolatilization .......... 844,000 


Efficiency = 
100 X Btu equivalent of electrical energy at 0.75 volt _ 
Net fuel consumed 


aioe = 59.7 per cent 
B. Complete coal conversion y 
Btu equivalent of electrical energy generated at 0.75 
998,000 
i i ent 
Electrical efficiency 1,438,000 per c 
C. Methane combustion 
Btu equivalent of electrical energy at 0.75 volt ...... 249,000 
Electrical efficiency ae — 65 per cent 


lationship with cell operation. Such a system shows 
a potential electrical efficiency as high as 75 per cent. 

As already pointed out, nothing can be said as yet 
about the ultimate economics of the fuel cell. How- 
ever, it is clear that the fue! cell is an extremely 
promising method for generation of power and that 
there is every indication that by further develop- 
ment work a cell could be developed with sufficient 
stability and high enough output for commercial use. 
It is possible to make a comparison of the fuel costs 
that can be achieved by use of a fuel cell operating 
at 70 per cent over-all thermal efficiency as com- 
pared with fuel costs involved in generation of nu- 
clear power and by conventional steam plants based 
on coal. This is given in Table III. 

The fuel costs for nuclear plants are extremely 
uncertain and one must take the best estimate from 
the many available. The first generation of nuclear 
power plants is expected to show a fuel cost in the 
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TABLE III. Comparison of estimated fuel costs, nuclear and 
coal-based power plants 


gia 62 & 
og = 
gee 5 

Nuclear fuel cost, mills per kwhr..... 58 1.7to2.0 1.0 
Competitive coal costs, cents per million 
Btu 
Steam plant heat rate, 8500 Btu per 
Fuel cell heat rate, 4850 Btu per 


neighborhood of 5 to 6 mills per kwh.*:* The second 
generation of nuclear plants is expected to show a 
much lower fuel cost which is generally not too well 
defined. The figures shown in Table III, of 1.7 to 2.0 
mills per kwh,°’ are the lowest estimates known to 
the authors for such second-generation plants. Sim- 
ilarly, ultimate nuclear fuel cost is even more in- 
definite, but a value of 1 mill per kwhr has been 
arbitrarily assigned. 

It is seen that the fuel cell would permit coal to 
remain competitive with nuclear power on the basis 
of fuel cost over a much longer period than would 
be the case for a conventional steam plant. As a mat- 
ter of fact, the figures indicate that the fuel cell could 
show a lower fuel cost than a nuclear plant at a loca- 
tion close to the coal mine for the indefinite future. 
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THE EFFECT OF IRRADIATION ON CREEP 


THE AUTHOR 


attended Stanford University as a member of the Regular NROTC. He grad- 
uated with a B.S. in Metallurgical Engineering in 1957. After completing 
some graduate training, he entered the Navy and served in the Engineering 
Department of the U.S.S. Navarro (APA 215) for seven months. He is cur- 
rently attached to U.S.S. Kearsarge (CVS 33). He has had experience in 
the high temperature alloy development program at Stanford Research Insti- 
tute at Menlo Park, Calif. 


INTRODUCTION 


—— is defined as plastic deformation under an 
applied stress that is less than the value of the yield 
stress. Though many mechanisms have been pro- 
posed to explain creep phenomena, none has been 
entirely successful under all conditions. A somewhat 
arbitrary but useful classification of processes which 
can occur during creep is given by Schoeck (1): 

1. Crystallographic slip or glide of the dislocations 

on the slip plane. 

2. Subgrain formation or climb of dislocations. 

3. Flow of grain boundaries. 

4. Diffusion of vacancies or interstitials. 

These four mechanisms contribute to the whole 
macroscopic deformation to varying degees; depend- 
ing on temperature and stress. The last mechanism is 
only observable at high temperatures and low stress 
conditions and is negligible under most test and en- 
gineering conditions (2). The third mechanism on 
the list is also of a lesser magnitude. Parker and 
Washburn report that even at temperatures close to 
the melting point the amount of creep produced by 
grain boundary flow is less than ten percent of the 


total (3). Thus, it is clear that the majority of defor- 
mation in creep can be attributed to the first two 
mechanisms on the list. 

The mechanisms of creep have been divided gen- 
erally into low and high temperature phenomena. 
The rough dividing line is usually taken to be one 
half of the absolute melting point. Typical creep 
curves are shown in Figure 1. Here the classic three 
stages of creep can be seen in the higher temperature 
or stress example. The three stages are labeled tran- 
sient (I), steady state (II), and accelerated (III). At 
lower temperatures the strain rate in the steady state 
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Figure 1. Typical Creep Curves at Constant Load. 
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stage is zero and the fracture is never reached. The 
first modification to this picture was the explanation 
of the third stage. It was found that this stage was 
always accompanied by necking and that tests run 
at constant stress, not constant load, eliminated this 
stage. The creep curves at constant stress appear as 
in Figure 2. 

There have been two theories proposed to explain 
the reduction of creep rate that brings about the 
second stage. Mott and Nabarro proposed that the 
exhaustion of Frank-Read sources produced the rate 
reduction (4), while Orowan attributes the reduction 
to work hardening (5). Most recent work seems to 
favor the latter view. Parker proposes an integrated 


To > T@ 


on STRESS @) STRESS@ 


STRAIN 


> In (TIME) 
Figure 2. Typical Creep Curves at Constant Stress. 


mechanism that is based on the equilibrium of two 
processes, dislocation locking and climb (3). He 
states that there is no distinction between the tran- 
sient and steady state behavior and that all creep 
behavior follows a parabolic law. He also attributes 
the slowing of the creep rate to the locking of the 
dislocations. This process is opposed by climb, and 
the relative strengths of these processes determine 
the strain rate. This view has been substantiated by 
Dorn and Sherby who found a close correlation be- 
tween the activation energies for creep and self 
diffusion; the latter being the rate controlling process 
for dislocation climb (6). At low temperatures the 
climb process is retarded and deformation cannot 
occur. 


EFFECT OF RADIATION ON CREEP 


Historically, the first reported findings concerning 
the effect of radiation on creep was the work of 
Andrade (7). He was studying the effect of surface 
properties on creep and used alpha emission from 
a polonium source as a method of altering the sur- 
face of cadmium single crystals. He found that the 
creep rate was increased significantly, but he gave no 
quantitative results. Later Makin performed some 
experiments similar to those of Andrade (8). Using 
lower temperatures and different flux and crystal- 
lographic orientation, he found no significant change 
in the creep rate. Despite the differences in experi- 
mental procedure he concluded that the increase 
found by Andrade could be attributed to geometrical 
or surface phenomena. Dienes concludes that since 
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the alpha particles only penetrate 0.005 mm., the 
increase in creep rate was dependent on surface dam- 
age triggering dislocation glide (9). Work by Witzig 
showed no effect on the creep rate of copper ir- 
radiated by alpha particles (10). Jeppson, et. al., first 
found a decrease in the creep rate of aluminum of 30 
percent to 60 percent with an alpha flux of 2.4 x 10" 
alpha/cm?/sec. Later with a flux of 1.2 x 10° alpha/ 
cm*/sec. they found a decrease of 19 percent but 
considered this later work to be inconclusive (11). 
From the limited work done, few definite conclusions 
can be drawn about the effect of alpha radiation on 
creep. However, it does appear to be closely involved 
with the surface conditions and size of the sample. In 
practice the effect of alpha particles does not have 
the engineering implications that neutron irradiation 
has. 

Despite its importance in the construction of re- 
actors there has been very little work done on the 
effect of neutron irradiation on creep. Much of the 
paucity of data is produced by the difficulties in- 
curred in in-pile testing. Some of the difficulties are 
best illustrated by the works of Jones, Munro and 
Hancock (12). In early work on the creep of com- 
mercially pure aluminum, they found that radiation 
damage to the strain gauges was more severe than 
the change in creep rate. To surmount this obstacle 
they devised a novel method for measuring strain. 
They inserted their specimens in venturi tubes and 
passed a known volume of air through the tube. The 
strain was measured by the change in pressure drop 
through the tube brought about by the reduction in 
cross-sectional area of the specimen. From this data 
the elongation was calculated by the use of Poisson’s 
ratio. This method was used because tubes could be 
built that had adequate dimensional stability under 
irradiation and the sensing elements could be re- 
moved from the source of radiation. However, they 
found that the ambient temperatures in the reactor 
negated the comparison of their in-pile data with 
published figures. This problem was solved by the 
construction of a similar venturi tube creep device 
that was furnace heated and controlled to follow the 
temperature of the reactor. Two similar specimens 
were tested simultaneously and the results compared. 
Their findings for 99.8 percent pure aluminum with 
a flux of 1.3 x 10" fast and 6.0 x 10’* thermal neu- 
trons showed a significant increase in creep rate, 
but they would not give any quantitative results. 
Other workers in this field have encountered simi- 
lar difficulties. Faris has summarized the work done 
in the United States on the effect of irradiation on 
creep and this is reported in Table I (13). 


PROPOSED MECHANISMS FOR THE EFFECT OF RADIATION 
ON CREEP 


Cotrell lists five possible methods by which radia- 
tion could affect the creep properties of metals (14). 
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TABLE I 
The Effect of Neutron Irradiation on Creep 
Material Flux Temp | Energy Ratio Stress 
n/cm?/sec *S in Mev in-pile kg/cm? 
out 
Al 8x10" 350 >0.6 0.5 62.6 
3x10" 700 >0.5 little 141 
Ni 
' 6x10? | 500 | >05 | none ? 
3x10” 260 >05 20 1265 and 2530 
Zr 
3x10” 260 | >05 10 1090 
Constantan| 3x10" 300 fast effect 1270 
Inconel 5x10” 705 >01 little 420 
change 
? 760 7 slight ? 
Type 347 increase 
Stainless 
Steel ? 760 ? slight i 
increase 
These are: 


1) The Nabarro effect, in which point defects 
created by radiation are absorbed preferentially on 
certain dislocations or on certain parts of the crystal 
boundary, thus changing the shape of the crystal in 
the direction of the applied stress (2). He shows that, 
with no stress gradients, creation of interstitial- 
vacancy pairs causes no deformation. However, for 
the case of a stress gradient, he derives the following 
equation for the strain rate: 


strain rate= grad (W,,+W.,+W,,+W,,) 


where 


A=linear grain dimension 
a= (atomic volume) % 
u.= loss of holes or ions through diffusion to the 
boundary 
= Aa’*¢ for small values of ¢ 


neutron flux 

a= frequency of jumps by interstitials or vacancies 

n= a number less than the total number of vacancies 
or interstitials 

k= Boltzman’s constant 

W,= the linear term in the energy of a lattice defect 
under hydrostatic pressure P 
= 
where a=—0.1 


W.= the quadratic term in the energy of a lattice 
defect under hydrostatic pressure P 
= 14§P2a3/ K 
where §=unity and K=the bulk modulus 


This formula is extremely hard to evaluate and no 
experimental verification is available. 


2) Structural changes, in which dislocations are 
enabled to overcome obstacles or are caused to re- 
group among themselves by thermal spikes or by 
the absorption of point defects. 

3) Constitutional changes, in which alloying ele- 
ments and impurities are redistributed (accompanied 
in some cases by changes of phase) by spikes and 
point defects. 

In both of the above two mechanisms either spike 
formation or self-diffusion would be rate controlling. 
Thomas reports that radiation has little effect on dif- 
fusion (15). At high temperatures the vacancies pro- 
duced by radiation are insignificant compared to 
those that are thermally induced. At temperatures 
where the radiation produced vacancies become 
significant, the total number of vacancies is so small 
that the diffusion rate is negligible. Since the creep 
rate under ordinary conditions is controlled by self- 
diffusion which is not altered appreciably by radia- 
tion, any change in the creep rate from these two 
mechanisms must be produced by the production of 
spikes. Quantitative evidence of the effect of spikes 
on the creep rate is not available. 

4) Chemical changes whereby new atoms are 
created within the material by transmutations or 
driven into the material in the form of fast ions or 
fission fragments. 

5) Internal stress developed through thermal 
gradients or through radiation growth effects. 

Though these last two processes are certainly im- 
portant, experimental determination of their effect 
is very difficult and as yet no report is to be found. 

It can be seen that much more work must be 
done in this important field, both theoretical and 
applied, before any definite conclusions can be 
reached. 
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In testimony before the Senate, NASA has announced a comprehensive 
program for the development of seven new rocket vehicles. The program 
covers the development of five new engines. The smallest of the vehicles is 
the Scout, which will weigh about 35,000 pounds, stand 70 feet high and be 
capable of placing a 150 pound payload in orbit. It has a four stage motor 
consisting of an Aerojet Senior for the first stage; an improved Thiokol 
Sergeant for the second stage; a scale-up of the present Vanguard third 
stage for the new third stage; and the present Vanguard third stage for the 
fourth stage. 


The Atlas-Able vehicle will comprise an Atlas ICBM mated to modified 
second and third stages of the Vanguard. The Atlas-Hustler, another of the 
vehicles, combines an Atlas ICBM with the Lockheed-Bell Hustler Motor 


which powered Discoverer I. 


Two other vehicles are the Atlas-Vega and the Atlas-Centaur. The former 
is a three stage vehicle, combining Atlas with a Vanguard first stage and a 
new design third stage. Atlas-Centaur will be identical except for the sec- 
ond stage, which will be a new design booster having a greater specific 
impulse than the Vanguard engine. These two vehicles are expected to be 


capable of orbiting 3,000 pounds, or transporting about 750 Ibs. to the r 
moon. 
al 

Saturn and Nova are the two largest vehicles. Saturn will be a four stage Pp 


arrangement, using an eight Rocketdyne motor cluster in the first stage for 
1,200,000 pounds of thrust, a Titan booster for the second stage, the Cen- 
taur high-energy second stage as the third stage and finally the new design 
third stage of the Atlas Centaur. 


Nova will have five stages. The first four will have thrusts of 6,000,000 je 
Ibs.; 1,500,000 Ibs.; 80,000 Ibs.; and 15,000 Ibs. respectively. The assembly di 
is estimated to weigh about 4!/, million pounds. The entire program is ex- os 


pected to cost about 2 billion dollars. in 
—from ASTRONAUTICS ak 
April, 1959 
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INTRODUCTION 


_ = increased use of refractory metals in the 
atomic-energy and aircraft industries has, during the 
past decade, resulted in the application of vacuum 
techniques to large-scale metallurgical processes. 


Uranium was perhaps the first metal to be melted 
and cast under vacuum on an industrial scale. Early 
work on the casting of uranium involved the use of 
molten barium chloride as a protective layer on the 
melt. This decreased oxidation of the uranium, but 
some entrapment of the chloride invariably occurred 
during pouring, and inclusions were produced in the 
castings. This resulted both in the rejection of cast- 
ings for inclusion defects and an increased neutron- 
absorption cross-section for the accepted material. 

While these considerations probably had a major 
influence on the decision of the United Kingdom 
Atomic Energy Authority to develop a pilot-scale 
vacuum-casting unit, several other advantages were 
expected. Among these were a reduction in the gas 
and volatile content of the metal, with a consequent 
lessening of the possibility of gas-cavity formation 
and an increase in purity. 


FURNACE DESIGN 


Consideration was initially given to a tilting-cruci- 
ble-type furnace, but this was rejected as some de- 
velopment of a multi-mould casting technique had 


taken place, and it was considered that an arrange- 
ment of a crucible from which metal was bottom- 
poured into a tundish and thence to a mould assem- 
bly would be mechanically simpler. In addition, it 
had been found that some separation of the oxide 
and nitride occurred by flotation, and it was thought 
that bottom pouring might give rise to improvements 
in purity. 

The equipment is most easily considered in three 
sections: (1) the vacuum heating unit; (2) the mould 
container; (3) the vacuum system. The assembly is 
shown diagrammatically in Figure 1. 


The Vacuum Heating Unit 


Electrical equipment capable of supplying 2200- 
cycle A.C. was available from another experimental 
melting unit and only induction heating was con- 
sidered. The advantages and disadvantages of mount- 
ing the induction coil inside or outside the furnace 
casing were examined. If the coil were inside the 
casing, the heating unit could be made of steel. This 
design would, however, have resulted in the possi- 
bility of arcing from the coil and increased the dead 
space to be evacuated. If the coil were outside the 
casing, a non-metallic furnace casing would be neces- 
sary. Suitable silica tubes were commercially avail- 
able. This arrangement offered the advantages that 
the coil would operate under atmospheric pressure, 
the heating unit volume would be decreased, and 
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Figure 1. Billet-casting furnace. 


the heating unit could be removed in one operation 
to expose the crucible assembly. 

Because the second system eliminated the possi- 
bility of coil damage by electrical and thermal break- 
down and because the refractory tube could be 
quickly replaced in the event of mechanical damage, 
the second alternative was chosen. 

The vacuum heating unit (Figure 1) consists of a 
silica tube held top and bottom in rubber vacuum 
seals between a steel top-plate and girth ring, both 
water-cooled. These are held together outside the 
silica by four stainless-steel tie-rods to which eye- 
bolts are screwed for lifting or lowering by an over- 
head hoist. Water-cooling of the girth ring was in- 
adequate to keep the lower rubber vacuum seal cool, 
and so, to decrease the possibility of a leak develop- 
ing, additional cooling was provided by an air blast 
directed on to the gasket from a copper tube almost 
encircling the joint. (A complete ring cannot be used 
as it would be heated by induction.) 

To decrease heating and eventual devitrification of 
the silica by thermal radiation from the crucible, a 
lining of refractory brick was fitted. It had been in- 
tended to use sillimanite, but because of delivery 
difficulties a silica-based brick was used and proved 
satisfactory over long periods of service. 
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The silica tube is surrounded by a water-cooled 
copper induction coil. The coil and the greater part 
of the tube are shrouded in a Sindanyo case to pro- 
tect the operator against breakage of the silica and 
to prevent accidental contact with the live coil. A 
warning bulb on the Sindanyo case is lighted by in- 
duction when power is switched to the coil and the 
busbar connections to the coil are covered by a Tuf- 
nol box which has to be closed and locked before the 
coil can be energized. 

A sighting hole in the center of the top-plate was 
covered by a glass plate on a rubber seal and used 
for observation of the contents of the crucible or for 
fitting a top thermocouple or radiation pyrometer. 
This proved of little value in routine operation, and 
the glass plate is generally replaced by a steel disc. 

For reasons of operational procedure, two sizes of 
unit were employed. The larger carried a silica tube 
of 16 in. internal dia. < 31 in. high, and the smaller a 
tube of 12% in. internal dia. < 29 in. high. The wall 
thickness of the silica was 3% in. in both cases. 


The Mould Container 


The mould container (Figure 1) is a double-walled 
cylinder of welded construction, of 20 in. internal 
and 24% in. external dia., made from %-in.-thick 
mild-steel plate. The depth of the vessel is 8 ft. to en- 
able long castings to be made. Steel mould carriers 
or cradles can be fitted to permit operation with 
shorter assemblies. A locating spigot at the bottom 
of the container ensures that a cradle is located cen- 
trally. The top face of the container is accurately and 
finely machined, with a circumferential channel 
which carries the rubber gasket sealing the joint be- 
tween the vacuum heating unit and the container. As 
this is the only major joint broken intentionally in 
the cycle of operations, its importance is obvious. 
When the heating unit is lowered on to the mould 
container, correct positioning is ensured by wheels 
fixed to the top-plate and girth ring. These wheels 
run on two vertical stainless-steel guide posts held 
in brackets welded to the mould container. 

A lever mechanism operating a push rod through 
a Wilson seal in the side of the container enables the 
operator to lift the sealing bung from its seat on the 
bottom of the crucible. 


The Vacuum System 
(a) Pumping System 


In the original construction of the furnace, two H.6 
oil-diffusion pumps were connected in parallel to the 
mould container by a 10 in.-internal-dia. mild-steel 
manifold. These pumps were backed by a 100- 
ft.*/min. Kinney pump. As described later, the origi- 
nal diffusion pumps proved inadequate and were re- 
placed by a B.6 booster diffusion pump. 

The size of the pumps chosen was somewhat arbi- 
trary, as no operating experience existed. The prime 
requirement was that the pumps and manifolds 
should be adequate to evacuate the system rapidly 
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and to maintain a furnace pressure during operation 
that was low enough to assist escape of volatile con- 
stituents from the metal. The system finally used was 
capable of reducing the pressure to less than 5» in 
30 min. 

All the vacuum pumps are water-cooled and the 
exit water runs through a bucket-type relay system 
which switches off the power if the water flow falls 
below a preset minimum. 

Three valves enable the system to be roughly 
evacuated by the mechanical pumps, further evacua- 
ted by the diffusion pump, and if necessary, isolated 
from both pumps (Figure 2). The original valves on 
the backing line were of a bellows type, but these 
leaked after two or three months’ operation owing to 
failure of the bellows. They have been replaced by 
globe water valves modified by soldering the salient 
joints (Figure 3) to vacuum tightness. These valves 
are comparatively cheap and robust and have proved 
very successful. 
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Figure 2. Circuit diagram. 


(b) Pressure Gauges 


Pressure in the evacuated system is measured by 
thermocouple gauges operating in the range 1-1000 
uw. Three gauges are fitted in the following positions: 
(1) the wall of the 10-in. manifold (this indicates the 
pressure in the furnace); (2) the backing side of the 
diffusion pump; (3) the foreside of the mechanical 


pump. 
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Figure 3. Globe-valve assembly. 


CASTING ASSEMBLIES 


A wide variety of castings has been made with the 
furnaces, the size of heating unit depending on the 
weight of charge required. Generally speaking, the 
larger unit is used for charge weights above ~70 kg. 

The reactivity of uranium imposes severe limita- 
tions on the choice of crucible material, and although 
several refractory oxides are possible from thermo- 
dynamic considerations, conditions of thermal shock, 
availability, and price resulted in the choice of 
graphite for the majority of the components of the 
casting assemblies. The components are generally so 
designed that heating of the melt above ~1400°- 
1430°C is unnecessary. 


Billet Casting 


The larger unit has often been used for the casting 
of cylindrical billets of metal for subsequent fabrica- 
tion or remelting. Figure 1 illustrates a typical cast- 
ing assembly for this second purpose. 

The crucible is sealed by a graphite bung which is 
lightly lapped to the seat of the pouring hole. When 
the bung is raised by operation of the tapping lever, 
the molten uranium flows into a graphite tundish 
which serves to centralize the flow, and then through 
a pouring spout on to a graphite separating disc 
covering the top mould. A small head of metal builds 
up on this disc and helps to create a more uniform 
feed of metal to the moulds below. In the illustration, 
the separating disc between the two moulds has four 
14-in.-dia. pouring holes equally spaced round a cen- 
tral graphite rod which is pegged in position. This 
rod is eventually drilled out of the ends of the two 
ingots, leaving holes which permit easy handling by 
the insertion of an expanding tool. For large castings, 
graphite is used as a mould material. 

Each of the two billets illustrated weighs 70 kg., 
but it will be readily appreciated from the figure 
that considerable alterations are possible in both size 
and shape of the casting produced. 


The standard charge for this unit is about 150 kg., 
but this can be increased by modifications to the 
crucible length and careful packing of the charge. 
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Bar Casting 


This is typical (Figure 4) of several types of multi- 
mould casting operation for which the furnace has 
proved suitable. The crucible assembly is supported 
on a steel hood. The uranium stream, centralized by 
the tundish, runs on to a graphite distributor plate 
and is retained by a header cylinder recessed into 
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Figure 4. Bar-casting furnace. 


the plate. The plate is supported on a Sindanyo sheet 
held in a steel tray which in turn rests on the mould 
cradle. The distributor plate is connected to the 
moulds by graphite nozzles which fit into steel caps 
on the top of the mould. A point of interest in mould 
design is that no special provision is necessary for 
the venting of the moulds. 


EXPERIMENTAL WORK 


As it was intended to use this type of furnace for 
both experimental casting and pilot-scale production 
work, initial experiments were designed to establish 
the relationship between the two major variables— 
temperature and pressure. 


Temperature Measurement 


The casting temperature is measured by a plat- 
inum/platinum -13 per cent rhodium thermocouple 
in the side wall of the crucible. Although partially 
shielded by twin-bore alumina tubing, the thermo- 
couple wires failed by embrittlement during almost 
every cast. Some improvement could be obtained 
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by surrounding that part of the couple liable to be 
above ~1000°C in a closed-ended alumina sheath, 
but difficulties of supply which existed at that time 
prevented the regular inclusion of this protection in 
the assembly. Consequently, a long length of wire 
was used, and the hot junction renewed after clipping 
away the embrittled metal. This ensured that the 
results were reproducible and that the thermocouple 
lasted for the melting period. The ends of the thermo- 
couple wires were attached to rods of compensating 
lead material which were fitted into a rubber vacuum 
seal in the wall of the mould container and were 
connected to a recording potentiometer by a com- 
pensating lead. 

Twenty melts were made in which the crucible 
was fitted with both a precious-metal couple and a 
tungsten/molybdenum couple, though the latter 
proved unreliable as a result of contamination oc- 
curring in the furnace. As adequate sheathing could 
not then be provided, the use of base-metal couples 
was discontinued. 

To establish the significance of the temperature 
indicated by the couple in the side of the crucible, a 
second couple was shielded by a mullite sheath closed 
at one end and fitted through a rubber seal tempo- 
rarily mounted in the sighting hole above the cru- 
cible. The lower part of the mullite was surrounded 
by a closed graphite tube whose lower end rested 
on the solid uranium which had been charged into 
the crucible. After the uranium had melted, the 
mullite was pushed down so that the couple was be- 
low the metal surface and the temperature taken. 

The couple in the crucible wall indicated a temper- 
ature ~150°C higher than that in the center, when 
the metal was solid. Figure 5 shows a typical curve 
of the temperatures for a side-fitted thermocouple 
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Figure 5. Heating curves for bar-casting furnace. 
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and results obtained from a couple in the molten 
metal. The former shows the melting point ~70°C 
higher than the true melting point for uranium. This 
is because a large fraction of the heat is induced in 
the graphite crucible. After the uranium has melted, 
the heat transfer improves and the differences be- 
tween the two couples is small, virtually disappear- 
ing when the temperature of the melt is held con- 
stant. 


Pressure 


With the original installation of one Kinney 
pump backing two H.6 diffusion pumps, a high vac- 
uum could not be maintained at the casting temper- 
ature owing to the evolution of gas in the system. 
The three possible sources of gas were: (a) the metal 
charge; (b) the graphite; (c) the refractory lining. 

In several experiments empty crucibles were 
heated to the casting temperature of 1430°C. Both 
AGR and AGX qualities were tested, and the pres- 
sure at temperature was always in the range 300- 
500 ». This was not significantly altered when a metal 
charge was included. 

No decrease in pressure resulted from holding a 
temperature for periods up to 1 hr. and the pressure 
increased if the temperature was raised. A sample 
of the gas in the furnace was absorbed on charcoal 
cooled in liquid nitrogen, and was found to be air. 
The evidence suggested that the gas was evolved 
either from the heating of the refractory brickwork 
by radiation, or from the graphite, or both. 

The H.6 pumps were replaced by a single B.6 
booster diffusion pump with which a pressure of 
about 20 » could be obtained before casting. A further 
refinement was the installation of a cold trap in the 
main pumping line as the Kinney pump became in- 
efficient after a series of melts owing to water. con- 
tamination of the coil. A small copper vessel was 
brazed into the main manifold and kept full of acetone 
and solid carbon dioxide during furnace operation. 
While some of the water no doubt originated from the 
combination of hydrogen from the uranium with air 
in the system, the majority came from the refractory 
lining. This was slightly hygroscopic and adsorbed 
moisture when the furnace was open to the atmos- 
phere. The inclusion of the cold trap in the circuit 
further reduced the pressure on the furnace to less 
than 5 » at the casting temperature. 

On casting, the indicated pressure invariably rises 
to the maximum shown by the thermocouple gauges 
(i.e. 10004) because of gas evolution from the agi- 
tated metal and from the suddenly heated parts of 
the mould assembly. With continued pumping the 
pressure falls quite rapidly to between 1 and 5p. 

These early studies gave confidence in the use of 
the equipment, established the casting pressure ob- 
tainable as ~5y, and permitted the continuation of 
a run on a time basis if thermocouple failure oc- 
curred before steady conditions were obtained. 


DETAILED DESIGN OF COMPONENTS 


The design of some of the components was fairly 
critical and these are described in detail. The re- 
mainder can be varied considerably without greatly 
affecting the quality of the castings produced. 

The Crucible Bung 


It is important that this be completely tight to 
molten uranium but easy to lift. As can be seen from 
Figures 1 and 4, any dripping of molten metal is 
likely to freeze the bung-remover rod in position and 
prevent tapping of the crucible. A design suitable 
for most operations is shown in Figure 6. 


22" DIA. 


= 


1-261" OIA. 


| 


Figure 6. Graphite bung. 


The spigot is short and is a slack fit in the pouring 
hole of the crucible. The flat mating surfaces are 
easily lapped into position by hand, and care is taken 
during assembly that no graphite dust separates 
them. On tapping the metal, the bung-remover rod 
is held in the aperture to prevent the vortex from 
drawing the bung back against the seat. 


The Tundish and Pouring Spout 


These components serve both to centralize the 
flow of metal from the crucible and to align the bung- 
remover rod with the bung. The bore of the pouring 
spout is of greater area than the effective area of the 
crucible hole. If there is any hold-up of metal here, 
there is a possibility of the last driblets freezing on 
the inside of the spout and linking it with the solidi- 
fied “head” below. This invariably results in break- 
age of the spout when the assembly is dismantled. 


The Pouring Nozzle 
This component connects the distributor plate to 


the moulds in multi-mould casting, and the type 
shown in Figure 7 has been used for the casting of 
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Figure 7. Graphite pouring nozzle. 
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solid bars. The original design was a plain cylinder 
with a parallel-sided hole along the axis, but as 
freezing of the metal occurred in some cases the 
design was changed to that shown so that the molten 
uranium is in contact with a graphite length of only 
9/16 in. 

Both the nozzle diameter and the head of metal 
above it are important in producing a parallel-sided 
stream that neither splashes excessively nor pours 
too slowly. The variables in determining the optimum 
conditions are many, and although some useful indi- 


cations were obtained by experiments with mercury, © 


most of the work had to be done under the expected 
operating conditions. 

The nozzle was so designed that its top could be 
depressed below the top surface of the distributor 
plate, and turbulent pouring occurred when the depth 
of the resulting well exceeded % in. The optimum 
depression was finally established as ~% in. This 
use of a well is an alternative to charging extra metal 
and leaving a thicker disc on the distributor plate 
after pouring, i.e., it is a factor in the economics of 
operation and not a technical necessity. 

’ Several diameters of pouring hole were tried, and 
11/32 in. was selected as the best, although this was 
not very critical over the limited range tested. 


The Crucible 


As graphite is normally available as solid extru- 
sions, a major part of the expense of a crucible is the 
cost of machining, and every effort is made to use 
each crucible for several melts. As a first step, the 
furnace is generally unloaded while the crucible is 
at 700°-800°C and the hot components loaded into 
dust-bins. The uranium left in the crucible burns 
quietly to oxide and, when cold, is removed from the 
crucible by a vacuum cleaner. As the seat is generally 
not re-usable, two techniques have been developed 
to replace it. In large crucibles a tight-fitting sleeve 
is used and the bung mated to the sleeve. After use, 
the sleeve is replaced and a bung lapped to the new 
sleeve. 

The dimensions of the smaller crucible make this 
technique more difficult. Instead, in the original man- 
ufacture of the crucible three equally-spaced pouring 
holes are drilled. Two of these are closed with tight- 
fitting graphite bungs and the standard loose bung is 
fitted to the third. After use, one of the tight-fitting 
bungs is replaced by a loose-fitting bung. Repetition 
of this procedure ensures that the small crucible can 
be used at least three times. 


MOULD DRESSING 


Technique 


Although graphite moulds had proved satisfactory, 
their life was not long, and mild steel was selected as 
being a more durable material for the making of 
fairly large numbers of small castings. As uranium 
and iron form a eutectic melting at 725°C, a mould 
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dressing was essential. Alumina was chosen and the 
following coating technique was developed. 

A mould heated to ~150°C in a small oven is 
removed and allowed to cool to ~70°C. It is then 
held vertically and a plunger, consisting of six felt 
discs screwed to the end of a thin steel rod, is inserted 
from the mould bottom and held with the disc about 
%4 in. from the mould top. A slurry of alumina with 
water is poured in until level with the mould top, and 
the plunger is lowered slowly and steadily. Drying 
is assisted by blowing warm air from a hair-dryer 
through the tube. 


Preparation of the Alumina 


The ease of application of the dressing and the 
quality of the surface of the castings are dependent 
on the particle size of the alumina used, and for all 
this work the alumina was ball-milled to a particle 
size of < 10p. 

To prevent surface porosity in the castings, it is 
essential that the mould dressing does not evolve gas 
at the temperature of the molten uranium. As an 
obvious source of gas arises from adsorption of any 
liquid with which the slurry is made, an investigation 
of the adsorption of water by alumina particles was 
undertaken by the Ceramics Section of the Metal- 
lurgy Division at Harwell. The general conclusions 
of this study were: 


(a) For the same conditions of alumina particle 
size and atmospheric humidity, moisture pick-up by 
the alumina decreased as the calcination temperature 
of the alumina increased. 

(b) Moisture is both chemically and physically 
adsorbed, and the tendency for chemical combination 
decreases as the calcination temperature increases. 

(c) The total adsorption for a given particle size is 
a function of the atmospheric humidity and the ex- 
posure time. 

Statistical experiments were made to establish the 
relationship between mould dressing and the inci- 
dence of porosity in castings. The following general 
conclusions were drawn: 

(a) The thinner the dressing applied, the better 
the quality of the casting. In practice, a mixture of 
one part by volume of alumina is mixed with two of 
water. 

(b) The higher the calcination temperature of the 
alumina, the better the quality of the casting. In the 
limit, fused alumina should yield the best results, but 
this material is not wetted by water and therefore 
does not form an adherent coating on the mould. It is 
also difficult to mill. A calcination temperature 
>1500°C was chosen and calcination was followed 
by ball-milling for 24 hr. 

(c) The alumina should be stored in sealed con- 
tainers. A progressive deterioration with time was 
found and, to avoid exposing large quantities of 
freshly calcined and ball-milled alumina to the atmo- 
sphere, the material in current use for mould coating 
was stored in Kilner jars. 
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(d) No significant improvement was produced by 
reheating the moulds after coating, when solid bars 
were being cast. When the castings were thin-walled 
hollow cylinders, a graphite core was used and re- 
heating after mould coating was necessary to 
decrease outgassing from the core when the metal 
was poured. After coating, moulds should be loaded 
into the casting furnace as soon as possible, prefer- 
ably within 1% hr. 

(e) Steel moulds that have not been in use for 
some time should be heated to 500°C to dehydrate 
any iron oxide which may have formed. 


TYPES OF CASTING MADE 


The mould container had deliberately been made 
large enough to accommodate a variety of mould 
shapes and sizes. During the first two years of opera- 
tion, two pilot-scale programs were run. The first 
produced a complete charge for BEPO, the experi- 
mental reactor at Harwell, in the form of cast bar 
which was subsequently machined to size. The pre- 
cision of casting into steel moulds was determined, 
and it was established that solid bar of about 1 in. dia. 
could be cast within a tolerance of +0.0033 in. 

Castings for reactor purposes have to meet strin- 
gent inspection standards particularly for surface 
defects and total uranium weight. The allowances for 
the latter were based on a density of 18.7 g./c.c. and 
machining tolerances. 

For cylindrical machined bars rejection for surface 
defects totalled about 3 per cent and for all other 
reasons about 0.2 per cent. 

The casting techniques were then extended to the 
precision casting of hollow cylinders for a sub-critical 
assembly experiment. The type of mould used is 
shown in Figure 8. A steel outer mould contains a 
graphite core. It was essential to heat the graphite 
cores to 500°C after alumina coating and immedi- 
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Figure 8. Steel mould with graphite core and core plug in 
position. 


ately before assembly of the mould and core. About 
2000 cylinders were made of dimensions 1.640 in. 
outside dia. +0.008 in., 1.300 in. internal dia. 
+0.0035 in., and it was concluded that greater ac- 
curacy in mould manufacture could reduce the tol- 
erance on the outside dia. to +0.006 in. 

As a development of the bar-casting technique, 
the mould length was extended and several multi- 
mould casts demonstrated the feasibility of making 
bars of the size eventually used in the Calder Hall 
reactors. An interesting extension was a single run 
made to demonstrate the probable limits of the bar- 
casting technique. In this a steel mould was supported 
directly under the tundish and a bar 4 ft. 6 in. long 
by % in. in dia. was cast successfully. 

Many larger castings have been made for special 
purposes. Right cylinders of weights up to 150 kg. 
present no difficulty. More interesting castings have 
been made generally on a “one-off” basis, for such 
purposes as isotope holders for radiotherapy units. 
These generally needed cores of some kind to de- 
crease machining after casting and were of great 
assistance in establishing that the general principles 
of conventional casting are directly applicable to 
graphite moulds. Several points which are not neces- 
sarily obvious are listed below: 


(1) If a split mould has to be used, one part 
should be recessed to mate with the other so that a 
direct leakage of metal is unlikely. 


(2) Strapping the divided sections together can 
generally be avoided by recessing the mould base and 
the distributor top to accommodate the mould body. 


(3) Molten metal should not run directly on to a 
core. 


(4) Protection of the graphite by spraying with 
alumina slurry is of assistance in subsequent strip- 
ping. 

(5) Outgassing of graphite moulds by heating to 
500°C in air is generally desirable before loading 
into the vacuum furnace. 


THE EFFECT OF VACUUM MELTING ON COMPOSITION 


The chief effect of melting under vacuum is the 
reduction of chlorine content and the elimination of 
chloride inclusions which result from the use of 
barium chloride as a protective layer when melting 
is carried out in air. As might be expected, the hydro- 
gen content of vacuum-cast metal is also considerably 
reduced, and this has resulted in the elimination of a 
degassing stage in the subsequent processing for 
reactor purposes. 


ALLOYING 


Similar techniques to those described can be 
adopted for the casting of uranium alloys. Many 
alloys can be charged with the uranium with no 
special precautions, but small additions of metallic 
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powders are best enclosed in a uranium tube plugged 
at each end with uranium. This is charged first, and 
any flotation effects that might prevent the formation 
of a homogeneous alloy are avoided. Great precau- 
tions are needed in the surface preparation of metals 
such as zirconium which form a very corrosion-re- 
sistant oxide film if fabricated in air. This film must 
be removed by pickling or by mechanical means be- 
fore successful alloying is possible. 


CONCLUSION 


More or less continuous operation of the type of 
furnace described for more than eight years has con- 
firmed the original impression that operation would 
be simple and clean and that the effect of substituting 
a vacuum for the flux cover used earlier would result 
in a significant increase both in the purity of the 
metal cast and in its “quality” in a metallurgical 
sense. 


The bathyscaph, built and operated by Jacques Piccard, is now in oper- 
ation by the U. S. Navy. Following a reconditioning program which enables 
the craft to probe ocean depths to 20,000 feet, the craft is beginning a 
series of dives to about 3600 feet, under the control of scientists of the 
Navy Electronics Laboratory at San Diego. After these initial dives the ves- 
sel will explore the 6500-foot deep San Diego trough and subsequently 
depths to the limit of its operation. Studies in underwater acoustics, therm- 
odynamics and marine life are expected to contribute to basic knowledge 
of the sub-surface ocean, of vast importance in modern naval warfare. 

—from SCIENCE NEWS LETTER, May 30, 1959 


A cavitation tunnel commenced in Sweden in 1956 at the Swedish State 
Shipbuilding Experimental Tank has been completed and is now in full use. 
The tunnel is provided with two interchangeable test sections. The smaller 
one, about one-half meter square, is intended for investigation of propellers 
operating at low cavitation numbers. The larger one is employed for in- 
vestigation of propellers in non-homogeneous wake fields. It can be fitted 
with complete after-body models to simulate the full scale wake field. The 
test sections can be rapidly interchanged. The water is circulated by a 70 
HP propeller type pump. The test propeller is driven by a 21 HP, 3500 
RPM motor mounted on a dynamometer table. A vacuum pump above the 
top part of the tunnel permits pressure control on the test section. Equip- 
ment is under construction to enable the cavitation testing of contra- 
rotating propellers and propellers in non-axial flow. 

—from MARINE ENGINEERING AND SHIPBUILDING, April, 1959 
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= HE design of pressure vessels for use in nuclear 
plants presents many problems that are not usually 
encountered in “conventional” power plant equip- 
ment. As an example, the reactor vessel is subjected 
to internal pressure and temperature gradients due 
to both heat losses to the surroundings and internal 
heat generation. The recently approved ASME Code 
Case No. 1234, “Proposed Case for Allowable Stresses 
in Nuclear Reactors,” requires that the stresses due 
to pressure, external loads, etc. be combined with 
thermal stresses due to temperature distributions at 
any level of steady power operation, including in- 
ternal heat generation. Temperature gradients aris- 
ing from heat losses to the surroundings can be 
handled by the designer in a relatively easy manner 
(references 4 and 8) but those due to internal heat 


generation are not readily calculable. The major 
difficulty for the designer usually arises from the 
fact that the methods of calculation are not complete- 
ly satisfactory, there is a lack of detailed information 
regarding the interactions and processes involved, 
and such calculations are long, and tedious. As a 
consequence it is first necessary to briefly look at 
those processes of importance arising from inter- 
actions of particles and ionizing radiation with ma- 
terials in order to approach a reasonable engineering 
solution. 

In the self-sustaining nuclear fission process, rela- 
tively large amounts of energy are released in many 
different processes in the core. Of all of these many 
processes, it is only certain ones that will give rise to 
heating in the pressure shell of interest. Chapman 
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Heat Production—Mev/Cm‘’ Sec. 


we 


3 


(reference 1) enumerates them and briefly they are 
as follows: 
1. 


Prompt Fission Gammas: 

When a fertile atom undergoes fission, a portion of 
the energy release appears immediately as gamma radia- 
tion. This radiation may reach the pressure shell and be 
deposited there in the form of heat. 


. Fission Product Gammas (Delayed Gammas): 


After fission, some of the resulting fragments are ra- 
dioactive and emit gamma radiation with characteristic 
half lives. 


. Inelastic Scattering of Fast Neutrons: 


In this type of interaction of a neutron with a nucle- 
us, momentum of the particles is conserved but the 
kinetic energy is not conserved. Inelastic scattering 
energy of the neutron is relatively large before this 
interaction is possible. 


. Elastic Scattering of Fast Neutrons: 


In the collision of a neutron with a nucleus, the par- 
ticles involved rebound much as struck billiard balls 
and both kinetic energy and momentum are conserved 
in the process. The struck particle is left in an excited 
state and the neutron is degraded in energy. 


. Fast Neutron Capture Gammas: 


Upon the capture of a fast neutron in the region 
under investigation, gamma radiation is released and 
may be deposited locally. 


. Thermal Neutron Capture Gammas: 


After undergoing collisions of type 3 or 4 above, 
a neutron may reach an energy level corresponding to 
room temperature. Such a neutron is said to have been 
thermalized and at this energy level most materials 
have large probabilities for capturing neutrons. If this 
capture does not result in fission, a compound nucleus 
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Figure 1. 
Heat Production in Vessel Wall 
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is formed and a gamma emitted. This will occur in the 
vessel walls due to leakage of thermal neutrons from the 
core or due to thermalization in the walls of low energy 
neutrons. 

Of the many other reactions that occur and involve 
other particles and electro-magnetic radiation, none 
are of consequence in the heating of the pressure shell 
(reference 2). This is not to say that they are to be 
neglected; indeed for other reasons they are very 
consequential and must be considered in computa- 
tions. 

From the foregoing, it is reasonably obvious that a 
knowledge of the gamma and neutron currents reach- 
ing the vessel walls is required. In addition, one must 
be able to statistically predict the number and type of 
interactions to be expected. Such information is a 
function of the core, its geometry, the materials used, 
operational power level, etc. This information can only 
be developed in a given case (with any assurance of 
accuracy) after detailed core calculations have been 
made. With the exception of the most rudimentary 
type of critical calculations, this work is usually per- 
formed by a physics group and is a multi-group ma- 
chine calculation. Chapman has made certain simpli- 
fying assumptions for an aqueous homogeneous 
system with a spherical core vessel. His results are 
shown on Figure 1 and it will be noted that curve A 
very closely approximates the calculated total heat 
generation of curve B. Curve A is exponential and 
over-estimates the heat generation at the inner sur- 
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t 


Figure 2. 
Assumed Temperature oe in Cylindrical Reactor 
Vessel. 
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he face. The assumption of an exponential attenuation of Referring to Figure 2, it will be assumed that the 
ne the total heat absorption has been made by most au- temperature in the wall exhibits a maximum. Since 
a thors because this represents a good approximation dt 
ve and greatly simplifies subsequent mathematical oper- aR? at this point, no heat will cross this radius 
ne ations (references 1, 5, 6 and 7). 
ell From an engineering standpoint it is possible to and all the heat generated to the right must leave the 
be obtain the temperature distribution (and stress lev- outer cylinder surface; all of the heat generated to 
ry els) in a reactor vessel if the heat absorption at the the left of the maximum must leave the inner cy]l- 
ta- inner face and the rate of attenuation of the heat inder surface. Considering the area to the right of 
absorption are known. For the case of cylindrical ves- the maximum, the total heat generated to any radius 
ta sel two approaches will be used to arrive at a solution. R is: 
+h- 
ist 
sa Rm 
ed, From Fourier’s Law, the total heat crossing a plane and the temperature 
aly gradient at the plane are related: 
of 
ary 
er- Combining equation (1) and (2) yields the following differential equation: 
na- 
° R 
oli- | 
are dR k 27R 
ie Performing the integration: 
and dt Q,’ | Q” e —pRm 1 
ur- dR ) ( ) (Rot =) (4) 
In order to simplify the above expression, let 
, -uRm 
k 
Equation (4) can thus be rewritten as: 
dt err 1 
ar =r [2+] 6) 
‘ Integrating equation (6) between the limits from t,, to t corresponding to 
R,, and R gives the following: 
Q,’ R Q,’ R 
t—t,=—— om GR—C in R | (7) 
Rm 7k Rm R Rm 
Expanding equation (7) between the indicated limits and rearranging terms 
yields: 
Q,’ Q,’ R Q,’ | 
Equation (8) is a solution to the temperature distribution at any radius 
to the right of the maximum temperature. However, the last term in equation 
(8) cannot be integrated in terms of elementary functions. In order to evaluate 
it, the following identity can be used: 
In the form given in equation (9), the integrals cE and { y are known 
m 
ctor 
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as the “Exponential Integrals” and values are tabulated for these integrals in 
reference (1). 

In order to make the solution complete, another heat balance can be written 
to the right of the maximum and noting that all of the heat generated to the 
right must leave the outside surface, the following is obtained: 


Integrating between limits: 


Rearranging equation (11) and using the notation: 


1=e7HRo [= +} a more useful form of equation (11) is obtained: 


Equations (8) and (12) constitute the necessary equations for the solution 
to the right of the maximum. For the section of the cylinder to the left of 
the maximum, the same approach yields equations (13) and (14) which are 
analogous to equations (8) and (12) as follows: 


2. Q,’ Q,’ Q,’ Rm 


Q,’ 


R 1 dt | 
-pRm 


where C,=e =) 


It will be noted that equations (13) and (8) are identical (with appropriate 
attention to the sign of the limits of the integral) with the exception of the 
sign of the term involving In R. This is the only term not involving the heat 
generation explicitly and the sign change is a convenience to avoid negative 
logarithms. 

Equations (8) through (14) provide all of the necessary information for the 
solution of a general problem of this type. For any given problem, it may not 
be necessary to invoke all of these equations. 

The alternate solution to the problem is to solve the generalized differential 
equation. This aproach presents some difficulty because of the non-linear nature 
of the equation. The writer is indebted to Dr. Charles Zucker for the following 
solution. 


The general differential equation for steady state heat transfer in cylindrical , I 
coordinates with exponential heat generation can be written as follows (ref- th 
erence 3): 

(23 
14. der 

pric 

If the above equation is multiplied by R? and the logarithmic transformation val 


is used (reference 8), the following results: 
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Let R=e?, In R=Z 


dZ? k 


In order to solve equation (16), it is first necessary to solve for the comple- 
mentary function, re: with the right hand side equal to zero. This solution is 


by inspection, 
t=a+bz 


or 


t=y,t+y. 


where a and b are constants that have to be determined. 


The particular solution for equation (16) can be determined by use of a 


mathematical method known as the variation of parameters. The final solution 


will have the form: 


t=aF+(bz)G ..... 


By application of the method of variation of parameters, it can be shown 


that F and G have the following values: 


= al (20) 


If equations (19) and (20) are substituted back into (18) and simplified and 


substitution into equation (15). 


added to equation (17), the following general form results: 
t=a+b In R+—— 


It is relatively easy to verify that equation (21) is the solution by direct 


At this point it is only necessary to derive expressions for the constants a 
and b. This can be done by invoking the following boundary conditions: 


t=t, = R, 


Substitution of these two conditions into equation (21) gives the necessary 
and sufficient information to solve for a and b. These then become; 


, —pR 
(t,—t,) + + = aR 

(in R,—In R,) 
and 

, , Re 

— + ) (24) 


In terms of the fluid temperatures, it is possible 
to use the appropriate parts of equations (11) 
through (14) in conjunction with equations (21), 
(23) and (24) above. Mathematically, both solutions 
derived in this paper are correct. However, the user 
should first determine the magnitude of his problem 
prior to choosing an approach. It is possible that a 
numerical solution might be desirable if a single 
problem is involved. For a parametric study, equa- 


tions (21) through (24) would seem to possess the 
greatest potential. 

One further caution must be reiterated at this 
point. No consideration has been given to the prob- 
lem of axial temperature gradients due to nonuni- 
form axial heat generation. In a realistic problem, 
axial heat distribution is nonunifoxm and should be 
accounted for. The calculation of such a three di- 
mensional problem presents much greater difficulties 
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from both the heat transfer and nuclear calculations 
than the problem considered in this paper. 
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NOMENCLATURE 


A=Heat transfer surface—square feet 
a= Arbitrary Constant 
b= Arbitrary Constant 


e=2.718+... 
h= Heat Transfer Coefficient Btu/Hr. Ft? °F 
h,= Heat Transfer Coefficient based on outside cylin- 
der surface Btu/Hr. Ft? °F 
h,;=Heat Transfer Coefficient based on inside cylin- 
der surface Btu/Hr. Ft? °F 
k= Thermal Conductivity Btu/Hr. Ft? °F/Ft 
Q=Local Internal Heat Generation rate Btu/Hr. ft.’ 
Q,= Internal Heat Generation Rate at Inside Radius of 
Cylinder Btu/Hr. Ft.* 
Q, =Total heat generated to any radius from the radius 
of maximum temperature—Btu/Hr. 


Q, 


Q,’ 


R= Radius of cylinder at any point —ft. 
R, = Inside radius of cylinder —ft. 
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R,= Outside radius of cylinder—Ft. 
R,,,= Radius of Maximum temperature—ft. 
t= Temperature °F 

t, Temperature of Cylinder at Inside Radius— °F 
t,= Temperature of Cylinder at Outside Radius— °F 
t,,= Maximum Temperature of cylinder—°F 

t;,= Bulk Fluid Temperature at Outside of Cylinder— 

oF 
t;; = Bulk Fluid Temperature at Inside of Cylinder—°F 


U=pR 

w=3.141+... 


p= Heat Deposition Coefficient — 


F, G=Functions for the solution of the general differen- 
tial equation—particular solutions 
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INTRODUCTION 


te evolution of shipbuilding practice within the 
Soviet Union has occurred as a result of the super- 
imposition of modern needs upon inherited ideas 
and practices. One constant in the Soviet shipbuild- 
ing scheme of things is climate. Because of the 
severity of the climate, particularly in the northern 
part of the Soviet Union, it was common practice, 
prior to the advent of the Communist Party, it should 
be noted, for Russian shipyards, both private and 
government-owned, to be equipped with covered 
building ways, known as ellings. While the actual 
work of outfitting was not done under cover the 
basic work in building riveted ships was; the cover- 
ing providing the protection from the elements so 
sorely needed in winter months. 

For many years designers, shipbuilders, econo- 
mists, and commentators have argued the pros and 
cons of building ways with and without cover. Addi- 
tionally, the argument was concerned with whether 
heating of the structures was necessary. Now, 
within the context of modern day techniques and 
materials, the argument appears to have been settled 
in favor of covered ways, the problem of heating 
being decided by the geographic location of the ship- 


yard. It is intolerable, the argument goes, to permit 
weather to influence building rates and to obviate 
the benefits derived from the use of modern types of 
paints, insulating materials, automatic welding and 
other innovations and improvements. Basically, 
Soviet practice attempts to establish shop-type con- 
ditions from the time the keel of a ship (merchant 
or naval) is laid until such time as it is launched. 
By use of these conditions there has evolved the 
serial production of all types of ships, as witness the 
submarine building program, the various destroyer 
and cruiser programs and the now extensive KAZ- 
BEK-class tanker building program, practically all 
of which have been built by use of what is called the 
“continuous flow-position” method of building. Dis- 
regarding the question of production efficiency or 
norms, interrupted schedules because of weather 
conditions would, obviously, be intolerable. 


CLIMATIC CONDITIONS 


The detrimental effect of weather on building 
ships is too well known to belabor. However, since 
much, if not most, of the shipbuilding in the United 
States is done in the open air, perhaps a better 
understanding of the problem in the Soviet Union 
will be had if present day Soviet views on the sub- 
ject are explored. 
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Engineering standards for Soviet shipbuilding en- 
terprises forbid the welding of low-alloy steels in 
temperatures below 5°F and similar restrictions for 
carbon steel welding forbid such welding below be- 
tween —4 and —13°F. Ship’s hulls and superstruc- 
tures may not be painted when temperatures fall 
below 41°F. Needless to say, the restrictions imposed 
on painting in the rain and snow, and even in bright 
sunshine, cut into production schedules. 

Temperature is of considerable importance with 
the various types of interior insulations used in the 
USSR and wind and frost can impose their own re- 
strictions on the handling of machinery and equip- 
ment. Finally labor laws appear to forbid open air 
work at any time when the temperature falls to 
—13°F or lower. 


LOSSES CONNECTED WITH OPEN AIR WORK 


Unless covered areas are used, the shipyards must 
have available for use temporary coverings in case 
rain or snow falls; and, in any case, in winter months, 
provision must be made for heating in order to ac- 
complish certain of the work inside the ships under 
construction. 

According to calculations provided by some of the 
shipyards, the increase in manpower needed to meet 
production schedules of a given scope when the yard 
is an open air one is on the order of 10 percent of 
the total manpower for the yard’s annual work pro- 
gram. The time lost in the course of a year because 
of weather conditions for open air yards reaches con- 
siderable proportions and, in general, is rarely pre- 
dictable. It is only after the fact that one can arrive 
at the extent of the interruption to any program for 
any given period of time. 

However, certain data for the Leningrad area, site 
of several large commercial-naval shipyards, suggest 
that work in the open will suffer at least as follows, 
on an annual basis: 


Days with air temperature below 5°F 


Days with air temperature below 41°F 

Days with rain, snow, fog 


Obviously, certain of the work involved in build- 
ing ships can continue, but given the same working 
force, lost time cannot be made up and production 
schedules must either take the above probabilities 
into account or, as time lost piles up, alter produc- 
tion schedules. It is equally obvious that work going 
on inside the ship will be hampered, if not completely 
interrupted by low temperatures, with correspond- 
ing drops in productivity. 

Losses of this type, it has been found, simply 
cannot be calculated with any degree of accuracy, 
but the best estimate available from Soviet sources 
is one which claims open air yards suffer a resound- 
ing drop of 40 per cent in worker productivity dur- 
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ing the winter months in the northern area. It has 
been necessary to incorporate this fact in planning 
norms and, ultimately, in the final cost of the finished 
product. It is further estimated that, depending on 
the temperature in the particular area, as well as on 
other atmospheric conditions, these norms and costs 
are increased from 20 to 80 percent. 

Covered building ways, conversely, are estimated 
to yield, annually, 10 percent more production. Since 
some 40 percent of all the work on a ship takes place 
on the ways, according to Soviet methods, increasing 
manhours to cover loss of production caused by 
weather on open ways amounts to some 4 percent 
of the total manhours needed to build the ship. 

Too, included in the increased costs to build ships 
that we have already noted are the costs arising from 
the need to provide heat for all ships, and more par- 
ticularly, those being built in the open. When the 
way is a permanently covered structure the heating 
plant is designed to heat the entire production area 
and the efficiency is relatively high. Open ways, 
however, are wasteful of heat which is provided for 
individual compartments in the ship, for heating the 
water with which tanks are tested, for heating the 
air pumped into compartments where welding and 
painting is going on, for heating the underwater part 
of the hull when that area is painted, for heat to 
maintain some sort of constant temperature so that 
condensation within machinery casings and hous- 
ings will not generate destructive corrosive proc- 
esses. 

In the fall-winter period this latter problem is ex- 
tremely serious, since temperatures vary widely. 
Equally tricky is the period when main and auxiliary 
machinery is being set in place in the machinery 
spaces and before the decks are closed up, when 
sudden or prolonged rain disrupts work and, at the 
same time, may cause unnecessary damage to such 
machinery. This type of decentralized heating re- 
quires the installation of larger boilers and associated 
equipment, larger piping, more fuel—all adding up 
to higher capital investments and upkeep costs. 


CAPITAL INVESTMENT 


The State Shipbuilding Institute, in order to estab- 
lish the economic feasibility of constructing covered 
building ways, developed three basic types of ship- 
yards. For each the Institute estimated the size of 
the investment, as well as the probable operating 
costs. Estimates were based on the following: 


Yard A. A medium sized shipyard with a productivity of 
12 units per year, the units to be designated as those 
having “complex” installations. 

Yard B. A small shipyard with a productivity of 32 units per 
year. 

Yard C. A medium sized shipyard with a productivity of 12 
units per year, the units to be designated as those 
having “simple” installations. 


Calculations were made for both heated and non- 
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SOVIET SHIPBUILDING PRACTICE 


Operating expenses, rubles for (annual) Heating and ventilation 

Capital investment for boilers, based on total steam needs ...... 


with either bridge or portal cranes. Included in the 
cost of building the open ways was the cost of erect- 
ing the building needed to house the staff to operate 
the yard, the cost of building warehouses and special 
structures used for equipment in the various parts 
of the yard. By contrast, the covered elling is con- 
sidered to be all-inclusive in cost. Table A is indica- 
tive of Soviet ideas as to comparative costs. 


TABLE A 
Type of Installation Construction Cost, Rubles, for Shipyards 
A B Cc 
Covered, heated elling ...... 50,900,000 12,500,000 22,900,000 


Covered, unheated elling ....46,900,000 11,500,000 21,100,000 
Open way with scaffolding 

and bridge cranes ......... 38,900,000 10,200,000 16,900,000 
Open way with portal cranes 59,200,000 15,800,000 25,900,000 


1 Although the “international” exchange rate for the ruble 
is 4 to $1.00, the “tourist” rate of 10 rubles to $1.00 is probably 
the most realistic for conversion purposes. 


It will be noted that, because the cost of portal 
cranes runs 50 to 70 percent of the total cost of an in- 
stallation so equipped, such installations are the most 
expensive type of shipyard for the Soviet Union to 
build. 

OPERATING EXPENSES 

Soviet economic practices, for purposes of arriving 
at prices to charge the customer, vary considerably. 
When a product is offered for internal consumption 
the price may well be completely at variance with 
the price for the same product when such product 
is, say, for a customer in a country the Soviet Union 
is penetrating. So, when it is announced that the 
Soviet Union, itself a charterer of shipping space, is 
offering for sale cargo vessels in the 16,000-ton dead- 
weight class at prices which appear to be attractive 
to the world market, we are merely observing yet 


Current repair 
Covered heated elling 


TABLE B 


heated, covered ellings, as well as for open ways 


TABLE C 


915,000 145,000 626,000 2,380,000 551,000 1,474,000 
sites 28,000 4,000 19,000 402,000 93,000 250,000 
so 943,000 149,000 645,000 2,782,000 644,000 1,724,000 
one 1,885,000 363,000 1,450,000 4,350,000 1,305,000 2,900,000 


another example of outright subsidy to Soviet in- 
dustry to provide products for use in fostering the 
economic penetration now so actively engaged in by 
the USSR. For home consumption, however, Soviet 
economists have arrived at the figures in Table B to 
indicate the relative prices to operate various instal- 
lations. Not included are wages paid when no work 
is done, the cost of snow removal, the construction 
costs for various types of hatch coverings and cover- 
ings for deck openings for temporary use, and the 
cost of actual time lost in the building cycle because 
of atmospheric conditions. 


Beyond what may be designated as a basic cost, 
there remain the costs of repairing fixed installations 
and equipment and amortization costs. For the three 
types of shipyards we have concerned ourselves 


with, figures have been derived for such costs based 
on: 


(a) for installation repairs, 1 per cent of capital investment; 
(b) for equipment repairs, 4.5 percent of capital investment; 
(c) for amortization, 5.6 percent of capital investment. 


Table C reflects these percentages for the three 
basic types of shipyards under discussion. 

Beyond the figures already cited, it is estimated that 
the annual cost for protective coverings in ship- 
yards requiring such coverings will, for the specific 
shipyards listed, require expenditures of: 


At the same time, the covered, heated ellings are not 
prone to interruptions in production due to weather 
so that such yards are estimated to yield an average 
10 percent greater productivity and, depending on 
the volume of work assigned, an annual saving in 


Open way with bridge cranes 

Amortization 


Column 1. Capital investment in rubles 
Column 2. Cost of current repairs and amortization in rubles 
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wages somewhat as follows is expected: 


Overall, therefore, a balance sheet incorporating the 
above figures reveals that an open way shipyard 
costs Soviet shipbuilders an annual sum beyond that 
chargeable to covered, heated ellings: 


UNHEATED, COVERED ELLINGS AND OPEN WAY AREAS 
WITH PORTAL CRANES 


Unheated, covered ellings occupy an in-between 
position, somewhere between the covered, heated 
ellings and the open way areas equipped with bridge 
cranes. While unheated ellings do not always ensure 
proper conditions for painting, for installation of in- 
sulating materials, for welding and similar processes 
in the building cycle, they do provide considerably 
better working conditions than those found in open 
way areas. While the State Shipbuilding Institute 
did no research in this field, the researchers believe 
that labor productivity must be higher than that 
which is found in open way areas, but at the same 
time there is a feeling that such productivity is lower 
than that found in the heated ellings. Hence, con- 
struction of unheated, covered ellings is recom- 
mended for those sections of the country where the 
climate is mild and where, particularly, the winters 
are neither prolonged nor severe. This type of in- 
stallation is said to be particularly suited to enter- 
prises engaged in the building of merchant ships as 
opposed, presumably, to the needs for building naval 
vessels. 


SELECTION OF BASIC METHOD OF ASSEMBLING SHIPS 
ON WAYS 

Once facilities have been provided, Soviet de- 
signers must proceed to establish methods to be used 
in the actual construction of a given ship, or series 
of ships. The designer, after taking into consideration 
the type of sh’p involved, its size and peculiarities, 
whether or not it is to be produced as a class, how 
the project fits into the program of the yard to which 
assigned, as well as the yards production capability, 
then proceeds to evaluate his design on the basis of: 


1. The cooperative ties between the building yard and other 
plants; 
2. The availability of production space; 
3. The type, number of ways, and the size of the yard’s 
frontage; 
. The type of equipment in the shops; 
5. The availability of cranes and transport, as well as 


capacity. 


The Design Bureau then selects the most suitable 
method for the construction of the hull and for the 
ship as a whole. In general, and depending on the 
size of the ship, this selection will fall into one of 
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two basic methods in use in the Soviet Union, block 


or sectional. 
Soviet experience has shown that ships displacing 


up to 5,000-tons can be most handily built by use of , 


the block method, the blocks themselves consisting 
of several unit sections. Ships of over 5,000-tons dis- 
placement, wherein unit sections may be too heavy 
for the lifting and transport equipment in the yard, 
usually are constructed using the sectional method. 
There are other technical and economic factors 
which enter into the final determination, but, in 
general, lifting and transport capacities govern. 
COMPARISON OF THE TWO METHODS 

When the sectional method of assembling the hull 
is used, work is begun with small sections and in- 
terior work, including machinery installation in that 
particular section, is done at a later time. For ex- 
ample, closed sections are tested for water tightness 
during the preparation of a particular section and it 
may be only after such testing that supplementary 
work, such as the installation of insulation, if re- 
quired, is done. 

Assembly of hull blocks, when the block method 
is used, is carried on over a wider work front since 
the assembly work covers many aspects of the total 
at the same time. Water tightness tests can, in this 
case, be done in each block as soon as it is completed 
and all the work is done under so-called “shop con- 
ditions.” Each block is equipped with fittings and 
machinery up to 80 to 85 percent of the total work 
for that particular block before it is moved to the 
way area. When this method is used way work con- 
sists only of putting the blocks together and tying 
up the loose ends to make the whole. 

Beginning of construction for a ship for which the 
block method of assembly has been selected is the 
date of the setting in place of the first bottom section 
of the block in the transporter carriage, whereas the 
date of commencement for a sectionally built ship 
is the date when the first bottom section is set down 
on the ways. The date for the completion of the 
building cycle, in either method, is the same; the 
moment when the ship is ready for launching, as- 
suming percentage of completion in either method 
to be the same. 

As blocks are delivered to the ways for assembly 
into the ship as a whole they are said to be 80 to 85 
percent complete in themselves. Since, on the other 
hand, this high percentage does not hold for the sec- 
tional method, a lag in relative readiness develops 
which is never, in practice, overcome. In fact, it has 
developed that, as a specific example, if it takes 50 
days, using the block method, to get a ship ready to 
launch, the same ship, if the sectional method of 
assembly is used, will not be ready for launching for 
60 days. Costwise, a ship displacing 1,200-tons, built 
by the sectional method, is 17 percent more expen- 
sive than one built by use of the block method. The 
implications, if series production is required, are 
obvious. 


| 
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SOVIET SHIPBUILDING PRACTICE 


CONCLUSIONS 


So far as facilities are concerned, the construction 
of heated ellings in shipyards, given the climatic con- 
ditions which exist in the Soviet Union, offers the 
best means for building and outfitting ships. It is also 
apparent that a considerable saving in operating ex- 
penses occurs when such installations are used, par- 
ticularly when the cost to operate open ways is 
considered. However, while there are areas in the 
Soviet Union where unheated ways are practical, 
the construction of covered ellings, heated or un- 


heated, is necessary in order to continue to meet 
the requirements for regular and steady production 
of ships and to further meet the requirements for 
the protection of labor and the need to increase the 
productivity of that labor. 

Once the facilities are available, and within the 
framework of the many factors involved, Soviet de- 
signers believe that, for ships of up to 5,000-tons 
displacement, the block method of assembly is pre- 
ferable since in the use of this method of building 
the cycle is shorter because shop equipment and 
special machinery and tools are more fully utilized. 


One of the most recent concepts in nuclear reactor design has been 
under study by the Armour Research Foundation. The fuel in this reactor 
is in a new form—fissionable dust carried in a gas. The gas-dust mixture 
passes through a reaction chamber where the presence of the moderator 
triggers fission, heating the mixture to a 2000-3000°F. level. Passing next 
into a heat exchanger, the fuel-gas mixture gives up its heat to produce 
steam. Most of the mixture then passes to a blower where 
it is returned to the reactor vessel for recycling. A small portion is diverted 
through a fission product removal sequence before rejoining the main 
steam. Advantages which appear to accrue from this concept are higher 
temperatures and power densities, reduced corrosion problems, high neu- 
tron economy, no fuel elements or control rods. At present major uncer- 
tainties include lack of detailed knowledge of fuel particle behavior, includ- 
ing wall deposit and erosion problems; lack of sufficient information 
regarding reactor stability; adequate compressor design; and prevention 


of leakage. 
—from NUCLEONICS, June, 1959 
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Official U. S. Navy Photograph 
Artist’s concept of an ocean escort included in the Navy’s FY 1960 Shipbuilding Program. 


Official U. s. Navy Photograph 
which is included in the Navy’s FY 1960 Shipbuilding Pro- 
atory for oceanographic studies. It will be civilian manned and operated, and will have 
special seakeeping and operating characteristics for accomplishment of its duties. 


Artist’s concept of an Oceanographic Research Ship, AG (OR), 
gram. It is designed to be a floating labor: 
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“Maintenance Operation” and “Market Survey.” 


MANAGEMENT DIRECTION 


_ shows that the most consistent return 
for a manufacturing business comes from successful 
product planning. In essence this means making the 
right product at the right time, that is one which will 
incorporate the most up-to-date techniques and ma- 
terials and will meet the needs of the market. Since 
most new products or new processes take between 
one and three years from the development of the idea 
to the manufacturing stage, it is necessary to look 
ahead at least that much. In addition, the idea has to 
be born: it can be produced in a company’s research 
laboratory, or it can be purchased from another 
source. If time is short the cycle can be reduced by 
acquiring the rights to make some other firm’s prod- 
ucts, products which interleave with one’s own, or 
are more up to date, or are simply in rising demand, 
while the demand for one’s own products is falling. 
The purpose of this article is to suggest ways in 
which product planning can be made to work. Ex- 
amples are given to illustrate both problems and 
solutions, taken from actual case histories obtained 
from the companies mentioned. The emphasis is on 
planning and organization, but this does not imply 
that the chairman or managing director who scours 
the world in search of new ideas or new things to 
make is wasting his time. Several of the most prom- 
ising developments were introduced in that way, 
almost by accident. Such an interest on the part of a 


top executive is a welcome sign that he at least is 
living in the 1960’s now and probably has for two or 
three years past. It is his job, but we suggest it is not 
merely his—it is his company’s job, in the widest 
sense. Planning several years ahead is a function of 
management just as selling what is made, or making 
it efficiently. There exist for these functions fairly 
stereotyped organizational patterns, which may fit 
well or not so well, but they are accepted and so are 
the methods used to achieve fairly obvious objectives. 
This is not true of product planning, even in the most 
elaborate, up-to-date organizations. Wherever one 
goes one finds an element of the mysterious, the in- 
tangible, the trusting to luck and similar unmanager- 
like attitudes. 

The first essential is that a company should be 
“product conscious” in depth, from the chairman to 
the foreman or at least down to the section leaders in 
the drawing office and the application engineers in the 
sales force. If such consciousness exists two things 
result: (a) people think concretely about what the 
company makes and ask themselves if it is the right 
thing, rightly made, properly sold, etc.; (b) ideas flow 
from many quarters concerning what the company 
might make. There are many ways in which such 
product consciousness can be created, it is basically 
a problem of effective communication within the firm 
(a two-way flow), appropriate technical reading, 
visits to users and to exhibitions at various levels, 
and other activities which can be suggested and en- 
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couraged. Above all, however, it is example from the 
senior levels of management; enthusiasm on their 
part, active and deliberate interest in technical prog- 
ress, will tend to be infectious. Thus the first task is 
to create interest in the senior ranks. 


Heads Together 


The task is to make the company product conscious. 
The effect of such consciousness makes all the dif- 
ference between profitable growth and stagnation, or 
at best unprofitable groping, in any industry when 
the rate of technical change is high. One way of doing 
this which appears to be effective is to constitute a 
committee of executives, called the new product com- 
mittee, or the design co-ordination committee, meet- 
ing once a month for a whole day. The managing 
director—the chairman in the case of small com- 
panies or the divisional manager in the case of large 
ones—is chairman of the committee. Members are 
the heads of departments, including sales, purchasing, 
accounts, drawing office, and sometimes production 
planning. Where a market research department 
exists, the manager should be a member of the com- 
mittee; where it does not it is helpful to have a repre- 
sentative from a marketing research organization. 
The purpose of either is to stimulate thought and 
discussion from the somewhat detached viewpoint of 
the outsider. 


A typical agenda for a first meeting would be (1) 


an introductory talk by the chairman, followed by 
(2) a critical analysis of existing products (are we 
making the right things now and are they likely to be 
the right ones in five years time? Can manufacturing 
costs be reduced, for example, by rationalization and 
increased standardization? Can they be improved 
technically, that is, are they correctly specified in 
view of advances in manufacturing techniques, ma- 
terials of construction, and so on? Can sales be ex- 
panded? Are the products correctly marketed? Do 
they lead in their field? Are they adequately pro- 
moted? And the like); (3) new products (what could 
we add to our range or substitute for some of our 
products to strengthen our competitive position? 
Should we explore entirely new fields? What are 
the “growth” industries and are we supplying 
them?) ; (4) suggestions for the conduct of the meet- 
ings; and finally (5) selected task for next meeting 
and agenda. 

The new product committee meetings should not 
be too formal, particularly at the start when the 
more silent members should receive every encourage- 
ment to play their full part. But a secretary, minutes 
and agreed agenda are basic necessities if the meet- 
ings are to be productive. Briefly the following are 
the main gains to be expected. What the firm makes 
is under scrutiny by seven or eight members of it, 
few of whom have time to think about the product 
siping of the firm or think themselves qualified to 

sO. 


The accountant can be a shrewd critic of product 
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policy. The sales manager and the works manager 
have to consider long-term policy together and to 
listen to what the chief engineer has to say. Slowly 
at first but with increasing impetus team work is 
developed and all members become accustomed to 
think critically and constructively about the com- 
petitive position of their company’s products now 
and several years ahead. A recommendation made 
by the new product committee and accepted by the 
board stands every chance of implementation for it 
is the brain child of the whole organization. The 
terms of reference of new product committees vary 
but in most cases they act in an advisory capacity 
to the board. A by-product of the new product com- 
mittee’s activities is that the heads of departments 
are forced once a month to down tools and direct 
their thinking forward in time. 


Information 

The life blood of any manufacturing concern is the 
amount of information which is obtained from the 
fields in which it operates. The kind of information 
needed by the new product committee, or the com- 
pany’s board if no committee exists, falls into three 
parts: (1) new ideas in their own and allied fields; 
(2) facts on the market acceptance of these ideas 
quantitatively and chronologically; (3) facts on the 
feasibility of any project evolved from (1); and (4) 
an assessmént of the likely profitablility of the new 
product or process. 

The safest way to get results, and the surest way 
in which to avoid a flood of disconnected ideas is to 
define the broad fields in which the company should 
operate, ab initio. Steel and Company, who are a 
group of manufacturing units principally engaged 
in the building of mobile cranes and heating and 
ventilating equipment, set their targets on “growth” 
industries: chemicals, petrochemicals, nuclear power 
and petroleum. Taking into account their traditions 
and the fact that they had built up over the years a 
first-class reputation for heavy to medium fabrication 
in most metals, they asked themselves “what could 
we make that these industries need?” and set about 
finding out (using marketing consultants). The out- 
come was investment in a highly modern plant and 
the recruitment of a technical team enabling the 
company to make and market a wide range of pres- 
sure vessels and heat exchangers used in these in- 
dustries. In their case the research and engineering 
followed the guidance obtained from a study of op- 
portunities in certain industries. 


Organization 

A difficulty experienced by most firms with a will 
to expand into new fields is that of assessing quickly 
and cheaply the value of an idea—which might be a 
mere drawing and description, or at best a working 
model. A consulting organization specializing in this 
field has engineering staff, each of whom attempts to 
keep up to date in his own specialized field: this is 
the inner ring, or first layer, of the sieve: each engi- 
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neer maintains contact with specialists in an even 
narrower field, perhaps three or four who may be 
working in universities, research centers, as consult- 
ing engineers, and in other outside capacities. In 
addition, this firm has associates in the leading in- 
dustrial countries, who are able to check on any idea 
originating from their country. A similar organiza- 
tion can be built up within a manufacturing unit, 
using engineers and technicians for the purpose. 

The organization needed to assess the value of a 
manufacturing license is not very different from that 
required for the assessment of ideas, or of prototypes. 
Without such an organization and sources of informa- 
tion, no new products committee can operate effec- 
tively. In other words, there must be someone to do 
the work, and only when it has been done can the 
committee take the idea a step further and work out 
a project, setting off likely returns against likely ex- 
penditure. It is necessary to be methodical, precise 
and persistent, and there is in fact little in the exercise 
that is crystal gazing—rather is it intelligent deduc- 
tion from clearly visible broad trends, interpreted in 
terms of an ability to translate them to good account. 
The point to emphasize is the need for an organization 
grinding steadily and in a workmanlike manner to- 
wards a preselected goal. 


Research 


Very little space remains for a discussion of longer- 
term activities, such as basic research. Relatively 
very few companies in engineering industries in fact 
do any basic research in this or any other country. 
Increasingly it is the field of the colossus and, it is 
wrong that this is so. Properly run and ably-directed 
even a small research department working on basic 
problems directly connected with the company’s 
activities can be of great value. A good example is 
provided by the Export Packing Service. This is an 
exceptionally ideas-minded organization which was 
founded in 1946 to answer a need for the special pack- 
ing of Government stores to preserve a state of readi- 
ness, should war break out again. They worked 
mainly with established packaging materials because 
they existed; in 1954 they formed a research com- 
pany, EPS Research and Development Limited. The 
technical director of the firm explained that they 
began by asking themselves what kinds of materials 
they needed to carry out their functions, not whether 
anything better were available. They defined their 
needs and set about developing new substances: a 
new cushioning material, Avocel, which is an ex- 
panded pve compound with a high resistance to 
fatigue under repeated dynamic loading; and a new 
type of barrier, that is wrapping material, which gives 
full protection whatever the climate (a lead foil faced 
on both sides with cloth and pvc). 

These mental processes are quite basic to any for- 
ward planning, and the brains which carry them out 
must have (a) the formal organization which induces 
the necessary activity, and (b) the information with- 
out which no discerning activity can take place. 


STAFF POLICY 


i? have the right number of people, of the right 
kind, in the right place, at the right time, is the object 
of staff planning. 


The Right Number 


There is a danger following a period of staff short- 
ages that more people will be trained and recruited 
than can finally be used. In the view of one personnel 
manager, unless industry expands by a factor of three 
by 1965, Britain will have too many graduates; it 
will soon be more difficult to obtain technicians than 
technologists. On the other hand, any surplus of 
scientists may readily be absorbed in countless 
other jobs, such as store management, where a sys- 
tematic training would prove invaluable. 

The approaches of different companies to staff 
planning vary with the area and the product. Dowty, 
for example, plan their product policy as the inde- 
pendent variable, aiming at the greatest economy of 
manufacture; if insufficient labor is available, work 
is subcontracted out. High Duty Alloys take into 
consideration the availability of the various categories 
of labor before planning production; whereas the 
Glacier Metal Company, though allowing for the 
claims of staffing and the market at top level, may 
modify the actual production process to accord with 
the discretion and skill of the available operatives. 

At High Duty Alloys the required intake of staff 
is assessed as far as possible in advance of production 
schedules by keeping a running manpower budget 
based on the firm’s future production. An estimate is 
made of the total working force needed to carry out 
the program, allowing a percentage addition to cover 
normal rates of time lost. Comparison of this total 
with the numbers employed in each category shows 
how many extra employees of each kind are likely to 
be needed during the period of production—or how 
many will be redundant. This final figure is adjusted 
to allow for normal wastage rates. 

Numbers required may be affected by the introduc- 
tion of automatic methods. Thus in the highly auto- 
matic chemical industry, direct manual process labor 
costs can be as low as, or lower than, 5 per cent of 
total factory costs, as against 60 per cent in other 
engineering industries. A company making capital 
equipment, with a capital investment of £1 million, 
employs 800 to 900 people; a new factory proposed 
will require an investment of £2 million, employ 
some 90 people and produce three times as much. It 
follows that in competing for export markets, the 
technical content of the production process may be 
as important as the technical content of the product; 
sO automation may reduce the competitive effect of 
high labor costs. ; 

So far, little preparation appears to have been made 
to accommodate the bulge, and most firms state that 
they must retain a roughly constant proportion of 
apprentices to total works payroll. Turnover ranges 
from 15 to 25 per cent, but the figure appears less 
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serious when seen in terms of length of service. The 
longer his service, the more likely is a man to stay. 
Simms Motor Units claim a consistent fall in staff 
turnover from 29 per cent in 1954 to 17 per cent in 
1958. Albright and Wilson make no special effort to 
discourage turnover since, in their view, it helps the 
sifting process. 


The Right Kind 


Shortages of labor are particularly severe in certain 
categories. The Ford Motor Company, at Dagenham, 
for example, have, like other engineering concerns, 
since the war experienced a shortage of craftsmen, 
designers and technical staff generally; but the com- 
pany’s excellent training schemes are beginning to 
show returns and the supply of junior draftsmen has 
recently improved. A pressing need at present is for 
experienced designer-draftsmen, designers and 
power-house engineers. High Duty Alloys are short 
of first-class design men, high-grade toolroom opera- 
tives and maintenance engineers; but the position is 
improving. They state that diversification, requiring 
the design of new products, has aggravated the short- 
age of draftsmen. 


To secure the necessary draftsmen, Dowty set up 
a short-term training school, which took people of 
any age, from inside or outside the company, from 
operatives to clerks, and trained them over a period 
of 8 or 9 months to become detail and modification 
draftsmen, thus releasing qualified men for more 
taxing work. At the same time they set up a drawing 
office in London, where draftsmen, like gold, were 
thought to be plentiful. It has now been closed. The 
decision of many firms to set up similar establish- 
ments, for a time at least, disturbed the market. F. 
Perkins placed their extra drawing office in the Mid- 
lands with the same object. Dowty also advertised in 
Canada offering to pay the passages to England of 
skilled immigrants if they were willing to return to 
this country under a two-year contract. Some 12 or 
15 answered the call. Dowty also have a full-time 
housing officer, and provide assistance in finding ac- 
commodation, including the guarantee of loans, to key 
employees. 

Specialists for which new demands have arisen are 
of several kinds. Diversification creates fresh needs, 
and the entry of Newton Chambers and Company into 
the manufacture of chemical plant led them to estab- 
lish a practical post-graduate course in chemical 
engineering acceptable to the Institution of Chemical 
Engineers. The course has also proved effective in 
deferring call-up. The General Electric Company, 
like other companies concerned with nuclear engery, 
have sought physicists and metallurgists from uni- 
versities and the UKAEA; the Ford Motor Company 
have established apprenticeships in metallurgy and 
chemistry; Dowty have also started training metal- 
lurgists and physicists; Albright and Wilson foresee 
a growing need for maintenance and instrument engi- 
neers; and with their increasing activity in the ex- 
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change of manufacturing licenses, Glacier Metal are 
looking for engineers with a knowledge of languages. 

Companies appear to be showing a growing interest 
in clerical and commercial training. Thus Albright 
and Wilson and Dowty have recently established 
schemes of commercial apprenticeships, and provide 
commercial and administrative training for boys, pre- 
paring them for membership of the Association of 
Cost and Works Accountants; successful candidates 
may become cost estimators or production controllers 
or eventually perhaps company secretaries. Common 
or garden secretaries are also trained by Dowty, who 
hold two-year clerical courses, through which some 
35 or 40 girls pass each year. Newton Chambers report 
that in their own area—Thorncliffe near Sheffield— 
a business training college offering further education 
and secretarial instruction was set up to counter the 
shortage, which has thus been eliminated. 

The right man for management is still difficult to 
find; hence the rise of such organizations as Manage- 
ment Selection Limited, who carry out much of their 
business by designing advertisements that even the 
man who isn’t consciously looking for a job may read 
from curiosity. The very top positions, once filled by 
omniscient tycoons, are increasingly being assumed 
by professional managers, able to tap other people’s 
knowledge and quick to appreciate a mathematical 
or statistical analysis. Men of this kind are in such 
short supply that on at least one occasion a company 
has been purchased merely to secure its managing 
director. The central problem of today, so Albright 
and Wilson believe, is the need to transform spe- 
cialists, recruited to carry out technical work at the 
beginning of their careers, into senior managers of 
broad understanding and interests. 


In the Right Place 

Although much thought is given to choosing the 
right man, the job itself is seldom subjected to the 
same scrutiny. But as Glacier Metal remark: “We 
don’t employ people, we get work done.” They define 
the job in depth, and when they have difficulty in 
appointing a suitable man, they question whether 
the job is right. 

The nature of a job changes and it is sometimes dif- 
ficult to recognize its new character; a statistician 
recruited to answer questions put to him by research 
workers may find himself taken into council at an 
earlier and earlier stage in the research program until 
finally he is suggesting experiments. His responsi- 
bility is consequently greater and unless his salary is 
increased commensurately, it will be impossible to 
hold him or to find a successor. 

Glacier Metal attempt to define a job in terms of 
discretion {even an operative may have to choose 
between various positions on a dial and it may be 
more costly to build adequate discretion into the dial 
than to secure a discriminating man) ; and secondly, 
responsibility (the failure of an information officer 
to notice an important patent may cost his company 
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many thousands of pounds yet he is probably not 
paid in accordance with his scope for doing damage) . 
Job specification is also carried out by High Duty 
Alloys. Eliminating fuzz from the job lets a man know 
where he stands and simplifies the integration of 
different responsibilities. 

In confirmation of this trend, Management Selec- 
tion Limited emphasize that management consultants 
are being used more and more, not just to find the 
man for the job, but as advisers to discuss the nature 
of the job long before the stage is reached for filling 
it. Too often a firm advertising for a production con- 
troller has brought to light a cost accountant. 


At the Right Time 


Having decided to diversify their products, F. 
Perkins Limited set up in October, 1957, a new pro- 
ducts division. The first new products, a range of 
three outboard motors, were announced at the end 
of last year. The general manager of the division 
worked with a small team, making use of existing 
departments in the company; and the outboard motor 
was chosen partly on the grounds of its relationship 
with traditional Perkins products. The designs are of 
American origin and Perkins acquired the sole manu- 
facturing and world selling rights, apart from an exist- 
ing licensing concession in Italy. This choice also 
avoided any question of competing with Perkins cus- 
tomers. The timing of the project has been carefully 
worked out and a new company, Perkins Outboard 
Marine Limited, has been formed to handle the 
motors. 


The only recruit enlisted for the project was a man 
experienced in outboard motors, and staff will grad- 
ually be drawn from the parent works to phase in 
with expanding output. Any deficiency in the main 
works will be made up from outside. A further new 
product will be announced shortly. 

Another aspect of timing is the forward planning 
of staff requirements in a growing company. High 
Duty Alloys, for example, have discovered from in- 
vestigations that the proportion of their foremen, 
supervisers and craftsmen in their late fifties will 
increase during the next five years; steps are being 
taken to meet the situation. Like the Ford Motor 
Company and many other firms, they prefer to pro- 
mote from within. The recently appointed deputy- 
chairman of Dowty started as an apprentice. The 
British United Shoe Machinery Company carry out 
periodical surveys to make sure there is adequate 
cover for the most important positions. Glacier look 
four or five years ahead for a new production man- 
ager, who may be taken on to fill some junior post 
initially. Ford and Glacier have management devel- 
opment policies, foreseeing and plotting the progress 
of individuals. They ask two questions: where the 
candidate thinks he’s going next and where the com- 
pany think he’s going next. As a result of this policy 
Glacier hope to have less occasion to look outside the 
company for their executives in future. 


In the longer term, successful recruitment depends 
upon the creation of a sympathetic climate in the 
schools. To this end Herbert Morris Limited have 
introduced a three-day course in engineering for 
Leicestershire schoolmasters. 


MATERIALS CYCLE 


= important factor in setting the pace of industrial 
expansion, of putting new products on the market, 
is not so much the discovery of new materials, but 
rather the rate at which those already in existence 
can be produced economically and applied to best 
advantage. The bringing into use of a new material 
requires the co-operation of at least three different 
organizations: the raw material producer and the 
refiner, the manufacturer of the semi-finished pro- 
duct such as an extruded section, and the material 
user. The success of a material depends ultimately 
on it being incorporated in a machine or in an instal- 
lation with advantage; an advantage can usually be 
measured economically, either in increased pro- 
fitability of a product, or better performance. The 
attention of producer and semi-fabricator is there- 
fore focused on stimulating consumer demand. 


Conception 

Consumers may be broadly classified into two 
categories—those who are aware of their need for 
new materials and those who are not. On a different 
footing there are those who are in a position to know 
what materials are available and who may even be 
prepared to undertake materials research them- 
selves, as distinct from those who have to be “sold” 
new materials; the distinction is drawn because it 
indicates where the demand for new materials comes 
from, and creates a basis for understanding why some 
materials are successful quickly while others are, 
only far more slowly. It is understandable that those 
consumers who are held up for want of the material 
with the correct performance should employ highly 
developed liaison with their raw material producers 
and fabricators, the aircraft industry being an ex- 
ample; similarly that those who are content with 
existing materials should not. The expansion of the 
market for a material occurs far faster where there is 
a demand than where it has to be sold; hence the 
tendency for materials to be used in small amounts 
for specialized applications long before the wider 
market is developed. The commercial production of 
many materials developed and used in the war— 
polyethylene and nitrile synthetic rubbers, for ex- 
ample—has only become possible in recent years 
through development of wider markets. 

Industry has automatically organized itself into a 
structure where it can become aware of new ma- 
terials, with systems for developing them and bring- 
ing them into use. The raw material producer is 
usually equipped for research, and material and 
process development; he has application engineers, 
technical salesmen, and is equipped for market re- 
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search. His aim is to find what is needed, or what 
could be used, and to make and develop it. The maker 
of semi-finished goods is there with process and 
applications engineers in contact with both producer 
and consumer. Lastly, the user has designers, devel- 
opment engineers, laboratories, and production de- 
partments. Liaison for feedback of information and 
experience must exist, and for this and for economic 
reasons has emerged the integrated company, in- 
corporating both producers and consumers. Import- 
ant also are the outside liaison bodies—the federa- 
tions of producers and users, which especially enable 
the small user to share his experiences and to save 
duplication of development effort, as well as to be 
the meeting ground for making known to the pro- 
ducers requirements for new materials. Behind the 
co-ordinated producer, semi-fabricator and user are 
the research organizations, independently or indus- 
trially owned, and the universities. In materials their 
role is an essential one—understanding material 
structure and behavior, predicting new compositions 
from theory, and ironing out production and perform- 
ance difficulties from a fundamental understanding. 


Birth 

The structure exists for bringing new materials 
into production and use, but there is an inevitable 
time interval between the conception and wide-scale 
application. It is the time of modifying, testing, and 
developing markets. Market expansion of a material 
may be very slow, until production units are large 
and used to capacity. Subsidizing first sales is seldom 
resorted to, but the return of research overheads 
may be spread out over an indefinite period. 

As an example, the demand for titanium came 
initially from the aircraft industry who were pre- 
pared to pay a high premium for the increased 
strength to weight ratio. This metal demands three 
stages in manufacture of wrought products: manu- 
facture of the metal, melting to ingot, and working, 
say into sheet. The first two stages required develop- 
ment of special equipment, a task undertaken by ICI. 
In 1957 came the White Paper on Defense, and it 
became apparent that the continuing progress of the 
metal would be a fight because of the decreased de- 
mand. The company looked to other outlets utilizing 
other properties, which lead to an extensive drive in 
the chemical, petroleum and allied industries. Prog- 
ress was slow because evaluation depended on pro- 
tracted service trials, but this field promised to offer 
a market even larger than in aircraft. Production 
techniques were revolutionized and could have per- 
mitted substantial reduction in prices if the new plant 
had been used to capacity. Despite these difficulties 
the price of the wrought product has been reduced 
from £15 per Ib. in 1953 to £5 per Ib. today. The 
company’s faith is illustrated by the fact that they 
continue to spend £500,000 a year in research and 
development. 

The history of the launching of titanium illustrates 
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several points which are important in the period be- 
tween conception and commercial use of a new 
material. Consumer confidence in a material must 
be created; confidence which comes from experience 
in use, and from the time-consuming accumulation of 
performance data. This confidence is promoted by 
liaison with the user in the development stages. Prob- 
lems which the user must face are redesigning to 
make best use of the properties of a material, and 
acquisition of labor with new manipulative skills, 
working perhaps with newly developed equipment. 
“Technical service” aimed at overcoming these initial 
difficulties is an important selling point for the pro- 
ducer, and is a major factor in the modern approach 
to putting materials into use quickly. 


Adolescence 

An indirect economic factor which is important, 
especially with wrought products such as sheet, 
derives from the re-use of scrap. The importance is 
dependent on the relative costs of raw material and 
wrought product, but it is true with most new ma- 
terials that the early years see development of scrap- 
recovery processes. With titanium large stocks of 
scrap mounted up until the question was satisfac- 
torily solved. The apparent attractions of mouldable 
sheets in filled thermosetting resins (reinforced 
plastics) are offset by the non-usability of the scrap, 
which once cured can not be softened or remelted. 

The question of redesigning an article to make use 
of anew material presents a problem to the would-be 
consumer—especially where it involves retooling on 
production lines. Justifiably, there is a tendency to be 
cautious befcre undertaking such a step. An example 
of this necessary redesign has been the application of 
plastic foams, which although attractive in weight 
and rigidity, demand quite different concepts for the 
frame structure which they may replace, say in air- 
craft wings and fins. 

The consumer/fabricator may or may not be guilty 
of prejudice against use of a new material but there 
are examples where this does hold up application. 
The constructive remedy is for the producer to 
analyze the prejudice, gain the confidence of the user, 
and help to overcome it. High impact pve is making 
slow but sure progress in the fluid and gas pipe in- 
dustry, where despite active research into non-cor- 
rodible pipes and methods of protection there is still 
feeling against the use of plastics. The manufacturing 
company, in this case British Geon, has enlisted the 
co-operation of the potential users in testing the ma- 
terial, to instill confidence in the use of plastics. 

The Butterley Company Limited, makers of a light- 
weight concrete aggregate called Aglite, have en- 
countered reticence in the building trades, and have 
combated this and the question of redesign by 
providing data and help in application. 


Maturity 


The size of stocks of a material kept by a producer, 
or engineering consumer, depends on the demand for 
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the material in the works as well as the rate of de- 
ierioration and the market price fluctuations. That 
supply ‘“‘ex-stock” is attractive is undoubted; but it is 
often impracticable. It is enlightening to see just how 
fast distribution of perishable materials can be, as 
typified by the movement of radioactive isotopes with 
short lives. The effect of use of material stock in a 
market of falling prices can be very upsetting to the 
material producer, and it was primarily to combat 
this fluctuation that the metal exchanges were estab- 
lished. It has been noticeable how the users of copper 
have been working on very low stocks as the direct 
result of the falling price. A help especially to the 
manufacturer of semi-finished materials such as ex- 
trusions and sheets has been the standardization of 
sizes. It is intended not only to safeguard the interests 
of users and producers, but also to clear the air of 
undue complications, and to rationalize specifications. 
One of its greatest impacts is on the country’s ability 
to compete in international markets where contracts 
may be lost by the existence of conflicting standards. 

What will help new materials to be put into use 
quicker? Primarily the desire and willingness of 
consumers to try them out, which is one result of 
good liaison with the producer. Rationalization of 
specifications will undoubtedly continue to help. Why 
define, for instance, the impact strength, elongation 
and tensile strength, if it is only the latter which is 
important? 

One danger, perhaps, is to go too fast, leading pos- 
sibly to the premature rejection of a material. Plastics 
generally suffered from too rapid progress ten years 
ago; the aircraft industry in welcoming ptfe tried to 
use it too quickly and ran into teething troubles de- 
rived from the immaturity of the manufacturing 
processes. That materials can be made commercially 
available in only a few years after their first concep- 
tion—epoxides for instance took only three years— 
is a feature which is bound to continue. 

It is more common now for users to be aware of 
future material developments and to be prepared for 
them when they become available. A large number 
of the important engineering materials of the next 
ten years are already known—poly-propylene and 
poly-carbonates, tantalum and vanadium, silicon 
nitrides and borides, for example—but these will all 
have to pass through the stages of modification, and 
development of the production processes to an eco- 
nomic size before they can be commercially launched. 

The development of quite new materials has un- 
doubtedly stimulated research into “old timers,” and 
many of our natural materials such as timber are 
being given a new lease of life by being made more 
consistent in their properties. 

In the plastics field, one of the underlying trends 
has already started—the production of petrochem- 
icals in this country. This step appears to follow from 
the policy to move the refining and processing to 
where they are economically best sited. A similar 
policy is reflected in the trend to produce more highly 


finished semi-finished goods, thus making use of mass- 
production techniques such as continuous annealing 
and surface coating, at the most sensible stage in the 
producer—semi-fabricator—user chain. 

It is a prevalent attitude of materials producers 
nowadays to offer tailor-made alloys and materials, 
but this may prove irreconcilable with the policy to 
make use of mass production. 


RESEARCH PROJECT 


| a has become a commonplace to stress the import- 
ance of research and development in modern indus- 
try. Warnings come from all quarters—“we must step 
up our research and development program”—“we are 
lagging behind our foreign competitors in research.” 
Is it possible that the profusion and intensity of these 
statements exaggerates the seriousness of the situa- 
tion? In an age when economies change so rapidly we 
should be wary of being caught up in a strong current 
of plausible popular opinion and so swept innocently 
towards an unforeseen destination. It is possible that 
under all this pressure, research tends to be carried 
out for prestige instead of product. Perhaps it will 
even become fashionable for managements to hire a 
few backroom boys in the same spirit as they would 
hire a professional coach for the works soccer team. 

If the structure of an industrial organization is to 
be properly balanced then its attitude to research 
must be in perspective. The various sections of a firm 
are interrelated and interdependent and each must 
be properly planned. So the size and importance of 
the research and development section must surely be 
dictated by its relationship with the other sections 
and the balance of the integrated structure of them 
all. Why then all this fuss about research and develop- 
ment? 

The answer of course is obvious and has already 
been stated: the demands of research must be looked 
at in perspective. But the perspective we knew has 
now changed. In fact our economy has changed from 
one based primarily on finance, high-speed produc- 
tion and the use of natural resources, to one that is 
dependent upon a technology derived from the oldest 
and richest of man’s natural resources—his own un- 
limited ingenuity. Furthermore, these changes have 
been very much for the good of industry and for the 
strengthening of free enterprise. They have not les- 
sened the roles of good management, mass production 
and planned selling; on the contrary they have crit- 
ically increased them. Yes—this time popular 
opinion is moving along the right lines. The happy 
combination of science and business skill has been, 
and will continue to be, a most fruitful merger. Pro- 
vided the balance is kept in perspective. 

An example of balanced management of research 
affairs can be seen in the policy and workings of the 
Metropolitan-Vickers Electrical Company, Limited. 
Research minded since their conception in 1901, they 
have maintained a high order of industrial efficiency 
throughout by the constant application of good man- 
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agement to the diligent endeavors of a good research 
department. 

Prototypes are designed and constructed within 
the research department, subjected to extensive tests, 
and then tried in commercial application before 
manufacture on a large scale is transferred to the 
factory. High-vacuum pumping plant, X-ray equip- 
ment, electron microscopes, mass spectrometers, and 
linear accelerators are examples of the specialized 
equipments that have passed through these stages 
and are now maufactured on a production basis 
within the factory. 

This development of new products is carried out 
in close co-operation with their scientific apparatus 
sales department, which also deals with a limited 
number of commercial contracts by means of which 
the market is developed and experience of users’ 
needs obtained, thus enabling further advance in 
design. This is frequently reinforced by study in the 
laboratory of known and possible uses to which the 
new product can be applied, with the object of further 
broadening the market. 

In addition to investigations in the fields of tech- 
nical knowledge of direct concern to the company, 
active participation is taken in devising and con- 
structing experimental equipment for fundamental 
research to be carried out at universities and other 
research organizations. Among the fruits of their 
research program have been the discovery of the 
molecular distillation properties of oils which opened 
up an entirely new field of vacuum physics and the 
study and investigation of high-temperature creep of 
metals. These studies have led to new materials of 
construction permitting steam and gas turbine plants 
to operate safely at the increased thermal efficiency 
that accompanies higher operating temperatures. 


Regeneration 

Science is continually creating new industries and 
revolutionizing old ones, through the media of re- 
search and development. The effect is like that of a 
rolling snowball: as research creates a new industry 
so the new industry creates new problems for re- 
search—the ensuing research aids the established 
industries and eventually creates new ones—and so 
on. It is in fact a regenerative cycle, energized by 
man’s insatiable desire to improve his standard of 
living and the application of his ingenuity to do so. 

The basic pattern began to take shape at the time 
of the industrial revolution. James Watt was initially 
an independent inventor. But unless he had been 
fortunate enough to join forces with a man of great 
organizing skill, Matthew Boulton, his mechanical 
genius might well have been less fruitful or even of 
no avail at all. Without the business man who was 
also an innovator, Watt would not have been such a 
key figure in the industrial revolution. The Watt- 
Boulton combination was perhaps the beginning of 
the snowball. Invention nurtured invention. Watt and 
Boulton called upon the inventive ironmaster, John 
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Wilkinson, to bore the cylinders for their engine. 
And so the success of Watt’s engine was to some ex- 
tent the consequence of an invention of Wilkinson’s— 
a machince for the accurate boring of cannon. The 
circle was completed when Wilkinson bought some 
of Watt’s new steam engines to operate the blast of 
his foundry furnaces and later to operate his me- 
chanical equipment. Since then the cycle of genera- 
tion and regeneration has revolved many times, con- 
tinually widening with the impetus of further 
research and newer ideas, and their steady ever- 
increasing application to industry. 

Although the present pattern of industrial growth 
began at the time of the industrial revolution, it was 
not until the close of the 19th century that it began 
to crystallize firmly. Thomas Edison, the great in- 
ventor, realized fully that the growth of industry was 
highly dependent upon the new ideas, which until 
then were still entering industry in a haphazard 
fashion. Edison set up his own industrial research 
laboratories and fed his ideas directly into companies 
either formed by himself (for he was a shrewd busi- 
ness man) or formed as a result of co-operation be- 
tween him and the well established firms of his time. 

Edison by the astute and diligent application of 
his energies gave considerable impetus to the precipi- 
tation of the newly forming regenerative structure of 
modern industry. But this was only the beginning. To 
continue to thrive, industry needs the constant appli- 
cation of fresh impetus from within its closed circuit. 


In the Small Firm 

It is well known that within the realms of industry 
there are those who exist without making any kind 
of contribution to the lifeblood of progress. But sure- 
ly they are doomed to mere existence at the best, 
and if they have no part to play in the progress of 
industry and society they may either fade away or 
be swallowed up by their more enlightened and ex- 
panding competitors. This does not mean that there 
is no place for the small firm. On the contrary, many 
of these firms have an increasingly important part 
to play in the new scheme of things, particularly in 
technical development. 

As the rate of production increases and firms be- 
come more and more geared to mass production it 
becomes less convenient and less efficient for them to 
break down their tooling in order to develop and 
produce prototypes for future production. The 
changes that are necessarily involved in the develop- 
ment of a prototype are not suited to the mass-produc- 
tion layout, and unless the firm chooses to run a 
development shop of its own the development work 
must be farmed out. Of course many of the larger 
firms do successfully and efficiently run internal 
development workshops, but if they are to be highly 
efficient they must constantly be worked to capacity. 
This means the parent body must have enough de- 
velopment work on hand to keep a fully equipped 
development department in constant operation at full 
swing. But, even more important than capacity work- 
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ing is the need for stimulus among the personnel. 

People engaged in research and development re- 
quire a constant stimulus to be creative and effective. 
As Dr. Grey Walter has remarked, a complex organ- 
ism needs an environment of noise—better random 
noise than no noise at all—if it is to function. If 
research workers are starved of interest by too much 
mundane repetition in their work they become ster- 
ile. For this reason the variety of work, which would 
normally be greater in a development firm than it 
would in the development section of a producer or- 
ganization, ensures that the men are stimulated by, 
and retain a lively interest in, their work. 

One example of such a small firm is that of Morfax 
Limited of Mitcham, Surrey. This company employs 
some 300 highly skilled men and specializes in the 
problems of metal working. The way in which this 
firm has established itself in the one decade of its 
existence is testimony to its functional value to in- 
dustry. 

Solving metal-working problems, producing proto- 
types, and keeping up-to-date with their machines 
and techniques is the sole dedicated purpose of this 
small firm. They have no standard production line 
and no standard output, in fact the company’s main 
sales product is the scope and capacity of its men and 
machines. Many of the prototypes made are of their 
own design and these are sometimes patented. 

During their short history they have given valuable 
service to many of the giant organizations by using 
their unique skills and energies to produce prototypes 
ranging from small jigs and fixtures to huge wind- 
tunnel components for aircraft testing. The superi- 
ority of the speed, range, and quality of their work 
has been fully recognized by their many patrons and 
there can be no doubt that they will continue to be 
of value in their field as long as they maintain their 
lively team spirit and go on building up a store of 
knowledge of metal technology by working on the 
problems of, not one, but many different types of 
producer firms. 


Firms like Morfax are not new; George Wailes and 
Company Limited, London, were operating on similar 
lines 100 years ago and are still there today; but their 
role in industry is new, in fact they now fill a dual 
role. They greatly assist the larger organizations by 
carrying out awkward developments and prototype 
production. But they also cater for the research and 
development needs of other small firms, who cannot 
afford to operate such extensive research and de- 
velopment Jaboratories but who wish to secure their 
benefits in order to compete with their wealthier 
expanding rivals. 


By Co-operation 


Another means by which small and big firms alike 
can contribute to and derive the benefits from pure 
and applied research, is through the co-operative 
research organizations. Co-operative research is a 
comparatively recent innovation. It is the latest addi- 


tion to the pattern, brought about by recognition of 
the need to “nationalize” scientific knowledge in 
order that it can be carried out on a scale adequate to 
the problems. 

During its forty or so years of existence, the De- 
partment of Scientific and Industrial Research has 
contributed to the evolution of a flexible and effi- 
cient organization by which the Government can 
assist industry in solving its essential problems and 
step up the regenerative stimulus of new ideas. 

There are three main activities—support for scien- 
tific research in the universities, to ensure the output 
of high quality engineers and scientists for industry; 
the operation of research laboratories working on 
topics of national importance; and financial support 
in partnership with industry of co-operative re- 
search associations. DSIR’s own laboratories are of 
many different types, including the National Physi- 
cal Laboratory, the Chemical Research Laboratory, 
the Road Research Laboratory and the more recent 
Mechanical Engineering Research Laboratory. 
While it is impossible to evaluate the economic re- 
sults of their research, it cannot be doubted that 
they contribute on a wide basis to the general ad- 
vancement of knowledge. 

Perhaps the most directly useful of the activities of 
the DSIR is the fostering and subsidizing of co-oper- 
ative research associations made up of groups of 
industries with common interests. There are now 
more than 40 of these research associations with a 
total membership of about 15,000 firms. The sub- 
scriptions required for membership are very modest, 
being in the case of a small firm much less than the 
annual salary of an office boy. However in spite of 
this, the membership is still often limited to the 
enlightened few. In the case of the Production Engi- 
neering Research Association the total membership 
is still only about 5 per cent of those eligible to join. 
The broad outline of the work of PERA is: (1) de- 
veloping new and improved production techniques 
by practical research; (2) assisting members with 
specific production problems; (3) supplying mem- 
bers with the latest information on economic produc- 
tion techniques; and (4) securing the most rapid and 
effective application of better production methods by 
extensive liaison and training programs. 

New concepts of production efficiency are being 
constantly accepted by the most progressive com- 
panies applying the results of PERA’s steadily ex- 
panding research into production techniques and 
equipment. In one member company the turnover has 
been increased by 300 per cent without any increase 
in floor space or labor, and with negligible capital 
expenditure. Their current research program in- 
cludes investigations into such techniques as cold 
extrusion. By their work in this field PERA have 
enabled British industry to make up a 25 year time 
lag from their German rivals. 

As research proceeds, previously unsuspected bar- 
riers to higher efficiencies are being discovered. Many 
experienced production engineers do not realize that 
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present limits of economy, output, and quality in 
everyday production practice are often set by minute 
undetected vibrations in machines and tools. A con- 
tinuous program of research extending over several 
years is now throwing new light on the nature and 
effects of these vibrations. 

A much simpler example of the practical benefits 
that may be obtained from organizations such as 
PERA is the case of the ordinary twist drill. Although 
twist drills have been in existence for very many 
years, by application of modern scientific research 
techniques PERA has shown that quite simple 
changes to the angle of the point of the drill can 
result in substantial improvements in the economy of 
production. Member firms employing the results of 
this research have reported large savings in tool 
consumption. 

Direct co-operation between member firms and the 
research associations is often of great benefit to the 
particular firms involved and thereby to industry 
generally, through the regenerative process. A recent 
example was the development by the British Iron 
and Steel Research Association of an automatic de- 
vice to control accurately the gauge of metal strip in 
reversing and tandem mills. The idea for automatic 
gauge control began when member firms asked 
BISRA to investigate the possibility of improving 
existing techniques of keeping a constant tension on 
the strip being rolled, in order to control the gauge. 
BISRA replied by suggesting that a much better 
gauge control might be obtained by varying the ap- 
plied tension, to maintain constant load and using 
electronics to obtain a quick response. The idea of 
using tension to hold the strip gauge constant with 
a load-meter producing a control signal seemed to be 
so simple that an experiment was carried out imme- 
diately, with encouraging results. 

Later the simple theory became elaborated and a 
practical method of measuring the strip thickness 
from a direct reading of the load in the mill and the 
position of the screws which adjust the roll setting 
was evolved. This instrument, which became known 
as the gaugemeter, was then developed into a second 
control method in which the rolls themselves are 
adjusted by a loadmeter signal to control the gauge. 

At this stage the work was still experimental, being 
carried out by BISRA at the mechanical engineering 
block of Sheffield University. Some time later the 
initial development work was finished by BISRA 
with a demonstration on a 4-stand tandem mill, and 
this showed that while automatic gauge control princ- 
iples were sound enough, a good deal more work 
would be needed before it could become a really 
practical proposition. 

A far sighted decision was then taken by the board 
of Davy and United Engineering Company Limited, 
Sheffield (who are members of BISRA) in setting 
up an instrument division whose task was to bring 
automatic gauge control to the stage of commercial 
application. The first step was to set up a complete 
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manufacturing facility with ability to manufacture 
not only automatic gauge control itself, which by this 
time had developed from a simple electrical circuit 
to an advanced analog computer using fast response 
self-balancing servo-systems for solving the various 
control equations, but to manufacture also the load- 
meters, tensionmeters, loadcells, and other ancillary 
equipment. After lengthy practical trials the system 
graduated from a development project to a market- 
able product and was placed in the hands of the Davy 
and United selling organization. 

One of the first models to be installed was at the 
Dominion Foundry and Steel Company, Canada, and 
its success ied to licensing both Canadian Westing- 
house and Canadian General Electric Company to 
manufacture on the North American continent. 

Thus, in less than ten years automatic gauge con- 
trol has advanced from a casual suggestion to a 
widely applied piece of control engineering, through 
the close co-operation of a research association and 
a few of its member companies. Further development 
work is now being carried out as a joint effort between 
United States Steel Corporation, General Electric 
Company (USA) and Davy and United to apply the 
principles of automatic gauge control to a hot rolling 
mill. 


Through the Big Firm 


Although there are over 40 research associations 
in Great Britain, the major part (90 per cent) of the 
nation’s industrial research, measured in terms of 
expenditure, is still carried out by privately owned 
industrial laboratories, and forms the backbone of 
British industrial research and development. 

Much of the credit for Britain’s leading position 
in world industry today is due to firms that originally 
established their supremacy a hundred or so years 
ago, and have maintained the pioneering spirit 
throughout. One of many such examples is that of 
Babcock and Wilcox, Limited. This company has 
always had a pioneering outlook and has been re- 
sponsible for many of the most important develop- 
ments in steam-raising practice. For example it 
produced the forged steel header which made high- 
pressure boilers a practical proposition, introduced 
the Bailey water-wall, developed pulverized-fuel 
firing and was the first with the fusion-welding of 
high-pressure boiler drums, and the Cyclone furnace. 

The company attaches much importance to re- 
search and development as well as to routine testing 
and quality control of materials and products. In its 
modern research station at Renfrew, the research and 
development department employs a personnel of 
well over 300 skilled men and technologists. The most 
modern and extensive equipment is installed for 
chemical and physical analysis, mechanical testing, 
metallurgical examination, and the application of 
electronics to engineering. Research is carried out 
into problems associated with design, manufacture 
and operation of combustion and steam generating 
equipment. 
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The development of Babcock steam-raising plant 
is, in fact, a continuous process, soundly based on the 
company’s world-wide experience of plant perform- 
ance and on unceasing research and development re- 
vealing new materials and techniques. Such factors 
have kept Babcock and Wilcox continually ahead in 
the field of steam engineering. 


From Abroad 


British firms cannot always be first with new ideas. 
Many vital industrial developments come from over- 
seas and it is of considerable importance for British 
firms to be quick on the uptake when such develop- 
ments occur. By being quick to make use of valuable 
foreign inventions and developments we greatly 
minimize the chances of being left behind by foreign 
competition. 

A recent example of foresight of this kind is the 
case of the free-piston gasifier. This device which 
underwent nearly all of its development in France is 
now being manufactured under license in Great 
Britain. The free-piston gasifier, which may be con- 
sidered as a supercharged diesel engine, acts as a 
generator for power gas which is then utilized in a 
gas turbine. The opposed pistons in the engine 
cylinder are directly attached to the larger pistons 
which operate in single acting cylinders. These act 
as compressor cylinders on their inner side and de- 
liver the supercharged air to the engine cylinder. 
The end spaces of the larger cylinders constitute 
cushion cylinders, in which the air is compressed on 
the outward stroke and provides the energy for the 
return stroke. The pistons have no connecting rods 
and no crankshafts, being kept in phase by a light 
linkage which does not transmit driving power. Since 
the moving masses are opposed and perfectly bal- 
anced there is complete freedom from vibration. The 
abolition of connecting rods and crankshaft gives a 
unit of much less weight and smaller dimensions than 
the conventional diesel engine of the same output, 
and cumbersome engine structures and foundations 
are eliminated. 

There can be little doubt that this important new 
technique will have a large role to play in turbine 
engineering in the very near future. It is due largely 
to the foresight of a handful of enterprising British 
firms that it is now in production in Great Britain 
and it does them great credit that they were able to 
gear up for the production of this foreign develop- 
ment so rapidly. For example, the National Gas and 
Oil Engine Company Limited, Ashton-under-Lyne, 
were able to produce their first all-British gasifier 


only nine months after receiving their manufacturing 
license. 


On Thin Ice 


Although, by and large, technical developments 
progress along a logical and somewhat predictable 
course there is always the risk of a radical new tech- 
nical development arising to eclipse an existing one. 
Such events can be disastrous to the firms that have 


based themselves entirely upon the older technology. 
Even the most prophetic cannot often foretell the 
arrival of a completely revolutionary invention. 

For this reason it is most important that firms 
which are geared closely to a narrow field of engi- 
neering should keep a watchful eye upon current 
research and at the same time endeavor to expand 
their work into other fields which fall within the 
range of their technical skills. A practical example of 
this philosophy may be seen in the aircraft propeller 
industry. In the early post-war years, the advent of 
the jet engine caused a number of radical changes in 
the aircraft industries and in particular cast con- 
siderable doubt upon the future of the conventionally 
propelled aircraft. At this time de Havilland Propel- 
lers Limited, who had already adopted the policy of 
expansion into allied fields, stepped up this expansion 
by making the fullest possible use of the many tech- 
nological skills involved in the design, development, 
and production of aircraft propellers. Although the 
propeller business actually remained secure, it did 
no harm at all for de Havilland’s to expand their 
technical interests in this way; on the contrary, they 
are now flourishing in the propeller industry as well 
as several others; for instance they now produce 90 
per cent of the electrical generators for guided mis- 
siles made in Great Britain. 


The New Barrier 


From these examples the regenerative pattern of 
research and development is apparent. It may be 
expected to assume increasing importance in the 
future, unless the balance between the component 
parts of the productive process becomes disturbed. 
Thus before the introduction of automatic computers 
we were approaching what might be called the data 
barrier; perhaps we are now nearing the research 
report barrier where results and discoveries become 
too numerous to be handled or used effectively. At- 
tempts to take advantage of such abundant informa- 
tion may in fact clog the productive process. To 
counter such a weakness, industry will require to 
carry out not only scientific and technical research, 
but research into the mechanism of research itself 
and the part it plays in the manufacturing activity as 
a whole. Research will be increasingly applied to 
subjects and areas of industry where its use had 
never hitherto been contemplated. The spread of 
operational research is a beginning. 


DESIGN DATA 


= an idea for a new or improved design comes 
into being, and the process by which it is translated 
into the working specifications and drawings, are 
traced in this report. Reference is made to a variety 
of industries large and small—an industrial heating 
service, control instrumentation engineers, compres- 
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sor manufacturers, domestic electrical appliance 
makers, the motor industry, and aircraft construction. 


Where it Starts 


The design of a new or improved industrial product 
may be triggered off in various ways. It may be the 
outcome of months of intensive investigation by 
sales and market research staff; most domestic con- 
sumer goods, for example, originate in this way. On 
the other hand, a new idea may be “handed on a 
plate” to the designers by a prospective customer, 
or may arise from work already in hand by a process 
of natural induction; or it may be prompted by the 
availability of new materials and techniques. In all 
these ways, there is a powerful element of cross 
fertilization; successful design is almost certainly 
never the result of seeking inspiration in the seclu- 
sion of an ivory tower. 

An example of customer-inspired development is 
offered by Isopad Limited, a small firm specializing 
in the design and supply of a new form of heating 
service—electrical surface heaters for vessels ranging 
from laboratory crucibles to 1,000 gallon processing 
tanks; for tracing pipelines; for de-icing aircraft 
propellers and engine air intakes; and for a growing 
variety of engineering and chemical and nuclear 
power plant applications. Most of the company’s work 
today is directed to special purpose and one-off jobs, 
and involves a very large element of consultative 
and advisory service to the customer; yet when the 
company started in 1946, their sole object was the 
manufacture of high-grade domestic electric blankets. 
It was the chemical industry who realized that the 
principle involved could be applied to their needs, 
and thus initiated a “chain reaction” of technical 
development. 

Developments in marine echo sounders have some- 
times been inspired by ideas put forward by the 
fishing industry, Kelvin and Huges Limited report; 
but fundamental improvements in operational and 
design techniques generally arise from experiments 
conducted by the firm’s research team. This team 
is permanently employed on the development of echo 
sounders and sounding techniques, and has its own 
research vessel, Lalla Rookh II, commissioned in 
1956 for practical work at sea. 

The inductive process is exemplified by the photo- 
transistor direct-reading displacement meter for 
vibration analysis recently put on the market by 
Fairey Air Surveys Limited. What inspired an air 
survey company to enter into this unexpected field 
of instrumentation was the fact that the company’s 
research department, in carrying out a development 
contract for airborne camera mountings, discovered 
that there was no apparatus on the market suitable 
for measuring the low frequencies in which they 
were interested; and so they evolved their own in- 
struments which, it is believed, are the first to meas- 
ure oscillatory displacements directly, and subse- 
quently they decided to exploit an untapped market. 

Market research led Broom and Wade Limited to 
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develop their recent range of portable oil-flooded 
rotary compressors. In 1952 their Canadian organ- 
ization reported that American oil-flooded rotaries 
were threatening to drive the reciprocating com- 
pressor off the market. Surveys of the new American 
machines showed that they had the advantage over 
piston machines in a number of ways: smaller size 
and weight, lower freight charges, higher operating 
speeds, lower initial cost, easier maintenance result- 
ing from the smaller number of working parts and 
the absence of valves, and cooler air. From the outset, 
however, it appeared clear to Broom and Wade that 
they could improve on the American designs, which 
were of the two-stage in-line type. For access to the 
low-pressure blades, therefore, the high-pressure 
rotor assembly had to be removed. By adopting a 
geared side-by-side two-stage arrangement, it would 
be possible to give complete accessibility to both 
sets of blades; and moreover the unit would be more 
compact. It was therefore decided to go ahead with 
the construction of a 120 cu. ft. per minute prototype 
on these lines—and success in the field trials of the 
early machines led to the present range of compres- 
sors from 120 up to 630 cu. ft. per minute—and a 
development potential which is far from exhausted. 

A design development that was initiated by a 
combination of market research and the availability 
of new techniques is represented by the Transmatic 
electronic controller for air conditioning systems 
introduced recently by Teddington Industrial Equip- 
ment Limited, to supersede their earlier electro- 
mechanical controller. Again, study of the American 
scene, where conditioned air is a “must” in all public 
and most private buildings, showed a growing prefer- 
ence for the electronic controller which has a quicker 
response, and is more sensitive and more compact 
than the electromechanical device. The American 
controllers were, however, based on thermionic 
valves; and Teddington decided that they could pro- 
duce a more rugged and still more compact instru- 
ment—and eventually a cheaper instrument—by 
using transistors and printed circuits. Moreover, 
transistors and printed circuits are “news”: it is not 
only in consumer goods that the designer needs to 
have a sense of the contemporary. Scientists and 
engineers are almost as susceptible to fashions in 
techniques as a young woman is to the latest creations 
of Yves St. Laurent. 


How it Continues 


The first step in designing a successful product is 
to determine exactly what the customer needs. From 
the outset, then, there must be a close liaison between 
the sales department, after-sales service and the 
designer. In the case of special-purpose designs to 
customers’ orders, direct contact between user and 
designer is usually essential, because what the 
customer asks for in the first place is quite often not 
what he really wants! In the case of electrical surface 
heaters, for example, Isopad have found frequently, 
on investigation, that the degree of control precision 
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demanded by the customer is unrealistically stringent 
and would involve him in needless expense. 

Generally speaking, the design process—the de- 
velopment of the original idea into the manufacturing 
specification and detail drawings for the guidance of 
the workshops—follows the traditional pattern: 
establishing the basic design, calling for experimental 
work, the extent of which varies with the “newness” 
and the size of the project; estimating the manufac- 
turing costs; building and proving the prototypes or 
the pilot model in the experimental, or research and 
development department; and analysis of the proto- 
type design from the manufacturing view point with 
a view to simplifying the production process, stand- 
ardizing dimensions, tolerances, quality, and using 
interchangable components so far as is possible with- 
out detriment to the performance. 


The preparation of drawings, specifications, parts 
and materials lists, follows and, when complete and 
approved, they are released to the production depart- 
ments. The main developments noticeable today in 
this process are an earlier and much closer liaison 
between the design and production departments; in- 
creasing attention to the international aspects of 
standards, essential for those hoping for overseas 
markets; in complex projects, the extensive use of 
electronic computers for “optimizing” the design 
parameters: and a growing use of “3 D” models and 
full-scale mock-ups to supplement drawings of com- 
plicated buildings, particularly those involving a 
multiplicity of pipeline and cable runs, such as air- 
craft, locomotives or chemical processing plants. 


In Control Instrumentation 


Now looking at the design process as applied by a 
few individual firms: in designing the Transmatic air 
conditioning controller referred to earlier, Tedding- 
ton Industrial Equipment Limited decided to build 
up from standard modular units. In the first place 
this was conceived mainly with the idea of eliminat- 
ing “on-site” maintenance by the use of self-contained 
units, but it has valuable repercussions on production 
and on stock holdings, as a wide variety of controllers 
—some 20 or more—can be made from four or five 
basic units. 

As in most efficient engineering organizations, Ted- 
dington’s design and development sections—both 
quite small—are under the direction of the same 
engineering chief executive. The basic ideas and pre- 
liminary cost estimates of the Transmatic having been 
settled by the design section, the development engi- 
neers worked out the scheme on a “bread board” 
and the sales staff were brought in to discuss styling 
and to indicate the sales potential of the instrument. 
A trial “production” run was then carried out in the 
development laboratory, some dozen sample control- 
lers being built up, tested thoroughly, and submitted 
to the production shops for method studies, together 
with the detail drawings and instructions produced 
by the design office. At this stage, the publicity de- 


partment came into the picture and was “fed” by the 
design engineers with material on which the publicity 
campaigns and technical literature were based. 

The first 50 controllers produced by the shops were 
sent back to the development laboratory for thorough 
performance testing, and other samples were sub- 
mitted for field trials. This procedure soon revealed 
desirable modifications, which are being built into 
subsequent production runs: for instance, the original 
specification, based on American practice, overlooked 
the fact that in the United Kingdom rather cruder 
and simpler methods of temperature control in heat- 
ing installations are employed than is customary in 
the United States. Fortunately it was a comparatively 
simple matter to incorporate a control element to 
regulate the heat supply temperature in accordance 
with the outside air temperature—the usual British 
procedure. 


In Compressor Manufacture 


In the case of Broom and Wade’s rotary oil-flooded 
compressor mentioned earlier, although prototypes 
in 120, 250 and 600 cu. ft. per min. capacities were 
successfully run both in the United Kingdom and 
Canada during 1953, there remained many design 
problems to be solved before they were fit for the 
open market. In the earliest machines, the low-pres- 
sure rotors were run at the same speed, and from the 
outset it was obvious that this was not an efficient 
arrangement since it resulted in a lower blade tip 
speed for the high-pressure rotor than for the low- 
pressure rotor. This was easily overcome by using a 
suitable step-up gearing between the rotors, but it 
still remained to determine what was the most 
economical blade tip speed; this would determine the 
stator bore sizes and maximum engine speeds. 

Other factors which had to be decided were the 
choice of blade material with the necessary wear 
qualities and dimensional stability under conditions 
of temperature and in the presence of oil, and the 
weight of the blades, which would influence the range 
of operating speeds; the ratio of rotor diameter to 
length, which affects the control of leakage over the 
tips of the blades and at the ends of the rotors; de- 
termination of the minimum oil flow, rotor and blade 
clearances, coupled with the maximum volumetric 
efficiency; and an effective and economical filtering 
system had to be devised for removing the oil from 
the oil-saturated air delivered from the high-pressure 
outlet. 

All these problems were solved in some two years 
of joint effort by the design team and the research 
and development department. Once the basic ideas 
were crystallized, representatives from the produc- 
tion side—planners, cost accountants, foundrymen, 
machine tool operators, the lot—were called in to the 
first of a series of “production method” meetings to 
make suggestions. At such meetings the design is 
finalized and authorization is given for the acquisi- 
tion of special-purpose machinery and equipment. 
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Early in 1956, the first batch of 120 cu. ft. per minute 
compressors were under way. A number of these 
early machines were submitted for field trials by 
prospective customers; any improvements suggested 
by the results of such field trials, as well as those 
suggested by the production side, as a result of manu- 
facturing experience at the regular production 
method meetings, would be worked up by the design 
office as “mods” for incorporation in the next produc- 
tion batch. 

Although effective liaison between the production 
and design sides is established by the production 
method meetings, still closer day-to-day co-operation 
is the aim of Broom and Wade’s general manager. 


In Domestic Appliances 


Domestic electrical appliances made under the 
aegis of the General Electric Company, Limited are 
produced in several factories, which “sub-contract” 
their design work to a single central service, the 
“Appliance Design Center,” at Wembley. Here are 
gathered together all those responsible for the gen- 
eration of new ideas and their translation into produc- 
tion possibilities: departments concerned with costs 
and information, technical design, mechanical design, 
appearance design and planning production. 

In the technical design department are a number of 
engineers and physicists, each specializing in a group 
of related products—those involving the conversion 
of electrical energy to heat energy, those involving 
the use of refrigeration, or those involving motors 
and moving parts, for example. 

Each specialist has available laboratory or work- 
shop space in which he can conduct his own experi- 
ments and tests. The mechanical design department, 
which specializes in the mechanical design of prod- 
ucts, comprises an engineering drawing office and a 
prototype workshop. The engineering drawing office 
produces sketches or drawings for prototypes, and 
can also produce finished working drawings for the 
manufacture of the final article, depending on the 
extent to which the factory concerned desires this to 
be done. The department is also responsible for keep- 
ing the center up to date on new materials and 
finishes. 

In consumer goods such as domestic electrical 
appliances, appearance is an important selling factor, 
and is taken care of by the appearance design depart- 
ment, manned by skilled industrial designers who 
work in the closest possible day-to-day association 
with the staff concerned with all the other functions. 

The planning engineer section maintains the essen- 
tial liaison between the Appliance Design Center and 
the different factories producing the various articles. 
This section advises other members of the center 
staff on tooling and the best utilization of existing 
plant. Where necessary, it prepares factory layouts 
involving the use of new plant or the re-siting of 
existing plant, and prepares estimates for tooling, 
plant and machinery. 

The way in which a new appliance is born is as 
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follows: preliminary cost comparisons being favor- 
able to the new idea, a meeting is held of all Appliance 
Design Center personnel likely to be involved, to- 
gether with the sales department concerned, and the 
works who will make the appliance. The object is to 
prepare a brief to which the center may work. The 
Appliance Design Center then proceeds in two stages, 
“A” and “B.” In the “A” stage the technical designers 
develop any new ideas necessary. Models constructed 
at this stage are only to try out new schemes and bear 
no resemblance whatever to the final article. 

At the “B” stage the technical designers, with the 
collaboration of the mechanical drawing office and 
the workshop, construct working prototypes as com- 
plete as possible in the technical sense. In parallel 
with these working prototypes, the appearance de- 
signers, again with the co-operation of the workshop, 
design and make appearance prototypes; which re- 
semble exactly the final product in shape and in finish. 

At the conclusion of the “B” stage, final agreement 
is reached with the works concerned regarding the 
whole design. The “B” stage appearance prototype 
is then submitted by the Appliance Design Center 
on behalf of the works to the sales department for 
approval. After any modifications have been approved 
the center can hand the whole job over to the works 
concerned so that it can be tooled up for manufacture. 


In The Motor Industry 


Let us now consider the large-scale and highly 
competitive automobile industry, as typified by Vaux- 
hall Motors Limited. Here, development is primarily 
inspired by the persistent demand of the mass car- 
buying public for progress—functional and impres- 
siveness of appearance. Every new model involves 
vast capital expenditure on specialized plant and 
machinery, and costs are based on a four to five year 
production run, with perhaps two minor “face-lifts” 
during the intervening period, to introduce some new 
feature or to eliminate some point of sales resistance. 

Design and development must go forward on a very 
short time scale; and to make this possible, the design 
and development teams—which are numbered in 
hundreds and which work in parallel under the same 
senior engineer—are broken down into highly special- 
ized sections. In the preparation of a new design, these 
teams are preceded by two other groups directly 
responsible to the chief engineer—the “forward 
product study group” and the all-important “styling 
group.” 

The forward product study group are continuously 
working on new technical possibilities. When sales 
trends indicate to the management that the time has 
come to launch a new venture, the forward study 
group “crystallize” the basic ideas around which the 
new automobile is to be created, and feed the princi- 
pal dimension and layout data to the styling group. 

Styling is a fundamental part of the design process 
of a modern motor car, and at Vauxhall full-scale 
three-dimensional models are built to develop the 
external lines and appearance. In the earlier stages, 
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the model is worked out in clay. When satisfied with 
the lines, a permanent glass fibre appearance proto- 
type is built, representative of what the final vehicle 
will look like from outside. To complement the ap- 
pearance prototype a wooden mock-up known as a 
“trim buck” is built to develop the interior styling and 
finish and to establish the position and arrangement 
of seating, controls, instruments, accessories and so 
on. 
The glass fibre prototype is used not only as an 
aesthetic standard, and as a starting point on which 
the advertising and publicity departments plan their 
campaign, but also for preparing body work formers 
used in producing the hand-built prototype bodies of 
the vehicles and assisting in laying down the full-scale 
loft plates by the engineering design team for pro- 
duction. Body lines having been settled, the engineer- 
ing design sections, in close liaison with the produc- 
tion planners, go into action. As regards standard- 
ization, Vauxhall Motors conform to a comprehensive 
system of standards governing minor items such as 
attaching or fixing parts, established by their Ameri- 
can parent company, General Motors Corporation. 

The building of prototype parts and components 
follows closely upon the completion of drawings and 
every detail of the car must be hand-produced for 
design checking and development prior to its release 
to the production planners, and prior to the heavy 
expenditure on its production tooling. Not only are 
power units bench tested, but functional components 
ranging from window winders to complete gearboxes 
are shop tested on special rigs in a similar manner. 

Prototype cars are tested both on the road in the 
United Kingdom and overseas, and on Vauxhall's 
new proving ground near Luton. This proving ground 
provides facilities for accelerated life testing on spe- 
cial surface tracks, Belgian Pave and other media, in 
addition to braking and handling testing on a banked 
high-speed circuit; 1,000 miles on special surface 
tracks is equal to 100,000 miles of normal road use. 

Any defects in the design shown up by the treat- 
ment of prototype cars and components are corrected 
and re-tested, and when engineers reach confidence 
in their design the working drawings are released to 
the production planners. In contrast to those products 
made on a batch basis, any small improvements 
arising from field experience or from bright ideas, 
serving to eliminate unnecessary cost, can be intro- 
duced on the production line at any time. 


In Aircraft Construction 


An interesting example of the results of close inte- 
gration of design and production is the Argosy 
freighter-coach aircraft made by Sir W. G. Armstrong 
Whitworth (Aircraft) Limited, conceived less than 
2'. years before its maiden flight this January. In 
this aireraft, design was viewed from the production 
stendpoint from the outset, and preliminary produc- 
tion planning began with the initial design study. 
From the production viewpoint, the more the aircraft 
could be broken down into sub-assembles, the shorter 


the manufacturing cycle time; but from the perform- 
ance viewpoint, this could result in weight penalties 
because additional joints would be required in the 
structure. 

Getting together early, in the form of a high level 
development committee representing the principal 
design, development, and production sections, en- 
abled these two viewpoints to be thrashed out, as 
well as ideas on processes and methods. For instance, 
the design side wished to use the Redux metal-to- 
metal bonding process on the Argosy for reinforce- 
ment in areas of high stress level; this process needs 
special plant and a build-up of experience before it 
can be applied as a production routine and it was 
therefore important to make an early decision on its 
introduction. 

Liaison between design and production is fostered 
at all levels, informally as well as by formal com- 
mittees. There is day-to-day contact between produc- 
tion planning engineers and the design office; and 
the latter are kept fully up-to-date on new equipment 
in the shops by means of a plant manual. 

Aircraft construction, incidentally, is one branch 
of engineering in which the practice of hand-build- 
ing the prototype in the experimental shop is dying 
out, because the time lag involved is too great. Today 
the first two or three complete aircraft off the produc- 
tion line serve usually as the prototypes for flight 
development, preceded by the first production fuse- 
lage which is used for. the static strength tests. Al- 
though this may involve some modification in tooling 
and so on, this does not involve the same penalty that 
it would in the automobile industry, because aircraft 
tooling and jigging is generally more versatile. 

Owing to the complexity of the job and the ease 
with which bottlenecks can be created, very careful 
programming and phasing of the design, development 
and production stages is called for—priority being 
given to the full-scale mock-up for laying out the 
interior, control runs, “plumbing,” etc.; wind tunnel 
tests and mechanical tests on detail parts; and design 
of the main structural parts, that is fuselage and 
wings, so that the production side can tool-up as early 
as possible. 

Extensive ground-rig development on fuel systems, 
hydraulics, air conditioning, engine installation, and 
so on, is carried out before such systems are installed 
in the aircraft, and static strength tests, stiffness and 
resonance tests are usually completed before the 
first aircraft flies. Fatigue tests on major structural 
assemblies will probably be taking place concurrently 
with prototype flight tests. 


Towards Integration 


In the aircraft and missile industries, and in other 
highly advanced fields, such as nuclear power reactor 
construction, there is beginning to be apparent a 
reversal of the policy of breaking down the design 
into specialist sections. The specialist engineers are 
there—they must be—but their efforts are directed 
jointly towards the design of a complete entity rather 
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than an assembly of components and systems. The 
Atomic Energy Division of the General Electric Com- 
pany, Limited, citing the design of a nuclear power 
station, says that “there is rarely found in any other 
field of technology a situation in which mechanical, 
electrical, civil and chemical engineers are so inter- 
dependent. Even a comparatively slight change in one 
detail of the basic design frequently necessitates a 
re-appraisal of many other features...” 

Summarizing, therefore, the trend of the design 
process today is towards earlier and closer integration 
of every aspect of the project—getting together with 
the customer to find out exactly what he wants and, 
having determined this, bringing together represent- 
atives from every department involved in the making, 
selling and servicing of the product to decide how 
the customer’s needs can most efficiently and eco- 
nomically be satisfied. 


PRODUCTION PLANNING 


ee in production methods have been far- 
reaching and no limit is in sight. Automation is an 
accomplished fact and is spreading, but it can only 
be applied to large-quantity production. A revolu- 
tionary change is the introduction of means for con- 
trolling and programming machines singly or in 
small groups, to produce any number of products 
from one off, and capable of being re-programmed 
cheaply and quickly at any time. Computer control 
of production is in use and developing. In spite of 
mechanization, staff are still needed—and likely to 
remain so. 

Nowhere in engineering has revolutionary develop- 
ment been more marked in recent years than in the 
production departments. Today, the production engi- 
neer has at his disposal not only the traditional types 
of plant, themselves generally improved in numerous 
ways; he also has available many new machines, 
processes and materials. 


Automatic control 

There is, of course, nothing new about automatic 
manufacture; mechanization is very old indeed, but 
it is the extension of the process towards full automa- 
tion which is important, together with its application, 
hitherto impracticable, to small as well as large 
quantity production, or even to “one-off” work. 

Mechanized production has its limitations based 
on output quantity and range. Equipment and tooling 
are costly, and only large outputs can justify the 
capital expenditure involved, both initially and when 
a change of product is made. Nevertheless, large fully 
automatic production lines are used extensively, the 
motor car industry providing a familiar example of 
their justification on both practical and economic 
grounds. Mechanization is the natural basis for the 
more recent development of full automation, in which 
product inspection is carried out automatically and, 
by means of a feed-back of information to the pro- 
ducing units, corrective action is taken, also auto- 
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matically, as required. This is true automation, as 
distinct from mechanization with which, because of 
the hold gained on the popular imagination by the 
word automation, it is often confused. 

It is a well known fact that a large part of the Brit- 
ish engineering industries is organized in small and 
medium sized units, many of which are not likely, if 
only for financial reasons, to install fully automatic 
production lines. Moreover, many engineering prod- 
ucts are not required in quantities which would be 
suitable for mass-production methods; ships’ engines, 
to quote only one of many obvious examples, are 
usually made on a strictly one or two-off basis. In 
these small and medium quantity production fields 
further changes are taking place, for the very de- 
velopments which have made full automation pos- 
sible—electronics in particular—have also made it 
practicable te apply automatic control to small quan- 
tity or even one-off production. 


Punched card or tape, or magnetic tape control of 
what is virtually a standard machine tool enables 
complicated machining to be carried out by semi- 
skilled labor, without the need for expensive jigs or 
fixtures. It permits the process to be operated once 
or repeated indefinitely with the same degree of 
accuracy, and the master tapes or cards can be stored 
for re-use at any time. Preparation of the masters is 
inexpensive, and although the capital equipment 
needed for control purposes is relatively costly, it 
enables the machine to be used with complete flexi- 
bility to produce automatically anything within its 
capacity, to have its program changed at any time 
quickly and cheaply, and to revert to manual control 
if required. 


Planning Production 

A production department must base its output on 
actual or estimated orders, and it must produce 
articles of the specified quality and cost; it has there- 
fore to carry out its planning in close co-operation 
with the sales and other commercial departments. 
In addition, due consideration has to be given to the 
question of using new and improved methods where 
applicable, to the introduction of completely new 
products, and to the modification of existing products 
as a result of service experience or customer sugges- 
tions. Consequently, the research and development, 
design and service departments of the business have 
also to be consulted when production plans are being 
made or modified. 

Before a product can be put into production, the 
question of prototype manufacture may arise, and 
this cannot as a rule be done by the production de- 
partment. Frequently, the product in question will be 
made, by hand methods, in the experimental depart- 
ment, or in the toolroom, but there are occasions 
when a fairly large pre-production run is necessary. 
In such a case the product may be made in quantity 
in a small but fully equipped separate department 
maintained specially for the purpose. 
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Quasi-Arc Limited, for example, in the manufac- 
ture of manual and automatic are welding electrodes, 
make use of a pilot plant under laboratory control for 
pre-production runs of any length before a newly- 
developed product is passed to the normal manufac- 
turing department. Typical work for the laboratory 
production machinery was the making of quantities 
of electrodes used for extensive impact testing when 
the company’s recently introduced “Ferron No. 3” 
electrode, specially designed for nuclear energy work, 
was being developed. 

Proper co-operation between the production engi- 
neer and the other departments concerned is funda- 
mental to successful production planning; many prob- 
lems are involved, and they can only be solved if each 
department sees the difficulties facing the others. In 
putting their “Hoovermatic” domestic washing ma- 
chine into production, for example, Hoover Limited 
allowed for 100 per cent electrical and mechanical 
testing, which had to be done in the cycle time of 
the lines as a whole, and fitted the new line into the 
shop at their Merthyr Tydfil factory without inter- 
fering with other production work. This involved 
designing special-purpose equipment on an extensive 
scale, and was achieved by a team consisting of de- 
signers, development department personnel and 
operating staff from Merthyr. 


Getting the Information 


Successful control of production depends on much 
more than correct design and layout of machines and 
equipment. Conditions are not static; there are 
changes in many aspects of the subject from time to 
time, and those responsible for control of production 
must have a great deal of information on which to 
base their decisions. In this field the electronic com- 
puter is developing as a valuable management tool. 


Such a computer has been installed in the Hollerith 
Works at Letchworth (now International Computers 
and Tabulators Limited) for day to day control of 
production. Four outstanding advantages are claimed 
for this installation, the first of its kind in the United 
Kingdom: it gives complete flexibility, as the effect 
of changes in demand, labor or materials can be meas- 
ured at once; a daily stock record is available and 
over and under stocking are eliminated; the produc- 
tion program is fully integrated, and because every- 
thing is ready at the right moment, production time 
can be a realistic minimum; the effects of alternate 
courses of action are worked out at extremely high 
speed to provide a basis for decisions. All these things 
have had to be done before, of course, the significant 
factor being that the machine now does them at vastly 
greater speeds than could ever be achieved manually. 


Production Staff 

However much work may be done in the future by 
machines, staff will still be needed to plan the work 
of production, for in spite of the popular conception, 
machines cannot think, they can only do what they 


are told, and the work of ensuring that the best use 
is made of machines of all kinds calls today for spe- 
cialist staff. How this staff itself is organized, and 
how large it is, must depend upon the size of the firm 
concerned, and the complexity or otherwise of its 
products. 


At the Witton Engineering Works of the General 
Electric Company Limited, there are really six fac- 
tories, and the products range from large turbo- 
alternators which are made on an individual cus- 
tomer-requirement basis, to such items as hair-dryer 
motors and small silicon rectifiers which are produced 
in large quantities. Transformers and switchgear of 
all sizes and degrees of complexity are also produced 
at the Witton works. 


All new production problems and all major replan- 
ning to suit changed products are the responsibility 
of the central production engineering department. 
Separate sections within this department deal with 
particular aspects of Witton production, the section 
leaders being men of specialist experience; produc- 
tion foremen, for example, have been transferred to 
lead some sections. In addition to this group of pro- 
duction specialists, there is a methods research sec- 
tion which has responsibility for developing new 
processes and, of course, for keeping abreast of de- 
velopments generally, so that advantage can be taken 
of any new ideas. Between them the various sections 
of the department are responsible for designing plant, 
materials handling equipment and—an item which is 
sometimes overlooked in production planning—ma- 
terials stores. Product designs may be modified if 
desirable by agreement with the product design de- 
partment concerned. Finally, there is a section of the 
department devoted to value analysis, which investi- 
gates, at the request of the factory management, all 
aspects of a particular product—its design, production 
methods, purchased parts, assembly—and, in co- 
operation with production, design and sales depart- 
ments, reports and recommends changes if desirable. 

A different, though no less complicated problem of 
production organization has to be dealt with by Accles 
and Pollock Limited, who make and manipulate 
tubes, mainly ferrous but including non-ferrous of 
many specifications, to high precision limits. Their 
production requirements vary from very large 
quantities down to one-off orders. Most of the pro- 
duction is to customers’ specifications, and most new 
products are developed to meet a customer’s partic- 
ular need, but some are introduced according to an 
estimate of market requirements. A new product may 
be only a simple variant of an existing one, and as 
such it can probably go straight to the production 
department. On the other hand, it may need consid- 
erable development before it is suitable for produc- 
tion, in which case it is passed to the experimental 
and development department. This is strictly speak- 
ing a non-production unit, but it works in close co- 
operation with the production shops. Orders for a 
single product or for a small number may, in fact, be 
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made in the experimental department, as the main 
production facilities of the works may not be suitable 
for them. 

All the staff of the experimental department have 
had extensive experience in production departments 
before being appointed to their present posts, and 
they are given further training on selection. Accles 
and Pollock use a simple method for keeping the two 
sections of the works in balance. Several of the de- 
velopment engineers have working with them on a 
part-time basis a retired former production worker 


of long experience and of supervisory status. This 
experiment, tried by Accles and Pollock as a means 
of finding useful work for active retired employees, 
has been beneficial to both parties. The younger man, 
who has a good technical training, has not had the 
time to gain the practical experience of the older man, 
who, in his turn, may not have the technical qualifica- 
tions of his partner, and each has something to give 
the other. On this basis what might seem to be a 
potentially explosive combination has worked to the 
satisfaction of all concerned. 


A summary of space research effort to date indicates that a total of 
eleven earth satellites have been placed in orbit and three successful space 
probes have been launched. Of the eleven satellites, six are still in orbit. 
Two of the three space probes passed near the moon and are presumed to 
be in a solar orbit. In addition to these successful launchings, the United 
States has conducted eleven unsuccessful attempts to launch satellites or 
space = No information is available on unsuccessful Russian attempts. 


The fo 


owing tabulation gives the chronology of successful launchings. 


SATELLITES 


VEHICLE 


SPUTNIK | 
SPUTNIK II 
EXPLORER | 
VANGUARD | 
EXPLORER II 


4 Oct., 1957 

3 Nov., 1957 
31 Jan., 1958 
17 Mar., 1958 
26 Mar., 1958 
SPUTNIK III 15 May, 1958 
EXPLORER IV 26 July, 1958 
PROJECT SCORE 18 Dec., 1958 
VANGUARD I! 17 Feb., 1959 
DISCOVERER | 28 Feb. 1959 
DISCOVERER 13 Apr., 1959 


LAUNCH DATE APPROX. LIFE NATIONALITY 


USSR 
USSR 
USA 
USA 
USA 
USSR 
USA 
USA 
USA 
USA 
USA 


3 mos. 
6 mos. 
3-5 yrs. 
2,000 yrs. 
3 mos. 
19 mos. 
14 mos. 
13 mos. 
200 yrs. 
12 days 
| mo. 


SPACE PROBES 


VEHICLE 


PIONEER III 
LUNIK 
PIONEER IV 


6 Dec., 1958 
2 Jan., 1959 
3 Mar., 1959 
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LAUNCH DATE RESULT 
68,000 mi. alt. 


solar orbit 


NATIONALITY 


USA 
USSR 
USA 
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IMPROVING UNDERSTANDING BY 
GUIDING THE SELECTION OF 


THESIS SUBJECTS 
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the David Taylor Model Basin and the Bureau of Ships. He is presently 
Senior Assistant to the Supervisor of Shipbuilding and Naval Inspector of 
Ordnance, Camden, New Jersey. 

Eprtor’s Note: The author did not accept any compensation for this article. 


INTRODUCTION 


‘in problems which have been much discussed 
in recent fears are the shortage of well qualified 
engineers in this country, and the weaknesses in our 
system of educating students for engineering and 
scientific fields. If we may assume that these dis- 
cussions have demonstrated that there is such an 
engineering shortage and that the education system 
does have weaknesses, then it would appear that sug- 
gestions are needed which give promise of improve- 
ment for either or both of these problems. 


One such suggestion is presented below. Briefly, it 
involves setting up of close working relationships, in 


‘order to improve the selection and execution of 


thesis subjects, between research activities and uni- 
versities. If properly handled, such relationships 
could result in direct benefits of considerable im- 
portance to each research activity and to the stu- 
dents, while side benefits would also accrue year by 
vear to the universities. At the same time, mutual 
understanding would be cultivated and a broader 
community of interests would grow up among the 
students, the professional personnel of the research 
activities, and those representing the universities. 


NEED FOR IMPROVEMENT IN EDUCATION 


Launching of the first Russian satellite was quickly 
followed by a public outcry against the many alleged 
defects in our educational system. While the primary 
target of this emotional reaction was the secondary 
school and its partial failure to give our youngsters 
a proper background and motivation toward the 
sciences; critical attention has also been directed at 
other parts of our educational system. This attention 
was to some extent only a continuation of earlier dis- 
cussions of the need for improvement in our schools. 
As one example of such discussions, in June 1956 
(reference 1), the Engineers Joint Council pointed 
out the need for professors to state clearly the em- 
ployment conditions that students may expect as 
professional engineers, in order that the movement 


' toward unionization of engineers might be counter- 


acted. This movement was believed to result from a 
failure to recognize adequately the needs, responsi- 
bilities, and contributions of professional employees. 
The Council also emphasized that colleges must de- 
velop in engineering students an understanding of 
professional concepts by demonstrating the applica- 
tion of these concepts to the solution of actual engi- 
neering problems. A need to expand opportunities 
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for engineering educators to become better ac- 
quainted with the total environment in which en- 
gineers must work was also stressed. For this pur- 
pose, the Council recommended temporary employ- 
ment of educators in nonacademic fields, and the 
utilization of employers with “professional vision” 
in classrooms and in student seminars. Such action 
would enable students to appraise more realistically 
their status following graduation. 

It has been estimated that 80 per cent of all engi- 
neers are employees rather than private practition- 
ers, which is not the case with other professional 
people such as most doctors and lawyers. Engineers 
in their every day problems are often concerned 
more with getting things done by people than with 
working out textbook type solutions, a fact some- 
times overlooked by engineering colleges. 

From such ideas, one could conclude that engi- 
neering schools ought to teach their students more 
than is now being taught about the day to day op- 
eration of engineering organizations, and the prob- 
lems of working with and through other people. 
Otherwise, the student may not learn during his 
college days how to evaluate information that can 
only be generated progressively or how to reason in 
harmony with others from incomplete data to pro- 
duce necessary day-to-day decisions. If these con- 
cepts were carried out by more engineering schools, 
graduates would be able to enter upon their active 
professional careers with a better understanding of 
exactly what an engineer is and does. 

Various steps have already been taken, principally 
by school authorities, to improve the students’ 
understanding of engineering in actual practice. One 
such step is the cooperative plan, following the pat- 
tern of vocational schools, in which students spend 
fixed terms working as engineers with industrial 
companies. Also, many engineering professors carry 
out research investigations for industry in a con- 
sultant capacity. In several cases, fully developed 
research organizations have grown up alongside the 
parent educational institution. 

The serious weaknesses which still exist, even 
though improvements have been made, caused Dr. 
Griswold of Yale University to state: “Unfortunately 
most of us get no further .. . than damning the 
schools and waiting for Washington to do something 
about them.” (reference 2). 


A SUGGESTION FOR IMPROVING THE HANDLING OF 
THESIS SUBJECTS 


The proposal presented here involves the follow- 
ing elements: 

a. An outline of suggested thesis subjects would 
be prepared about once a year by each research 
activity which desires to participate in such an en- 
deavor. 

b. Such outlines would be worked up by program 
managers and would, for each subject, give a brief 
description of the work needing to be carried out, 
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indicate its importance in a current or projected 
field, show its relation to key reference material, in- 
dicate equipment and calculating machines that will 
be needed, and give the name of the engineer at the 
research activity who would be available for advice 
and coordination. 

c. These outlines would be furnished to several 
colleges which offer degrees in appropriate fields and 
which desire to receive such assistance. 

d. Thesis supervisors at the colleges would use 
the latest outlines in assisting students to select a 
subject which most nearly satisfies the individual 
student’s needs. Supervisors would continue to ex- 
ercise direct authority in determining adequacy of 
the subjects chosen and quality of results achieved, 
in relation to the required academic standards. 

e. Each student would then carry out his work of 
thesis preparation, experimentation and write-up. 

f. In order to assure that the thesis work helps 
to satisfy the needs of the research program from 
which the subject was selected, periodic reports 
should be submitted to the program manager, and 
his guidance requested. This can best be accom- 
plished by personal visits of the student where pos- 
sible. 

This system would satisfy the requirement given 
by Captain Chadwick in reference 3, that a thesis 
should provide practice to the student in combining 
study with creative endeavor to demonstrate the 
natural interchange between education and design 
in advanced areas inhibited by outstanding teachers. 


BENEFITS THAT COULD RESULT 


For each thesis that is carried out under this sys- 
tem, substantial benefits could be gained by the stu- 
dent, by the thesis adviser, and by the manager of 
the research program. But, probably the most im- 
portant result is the improvement in understanding 
which should come from the closer contacts. 

The student who carries out a thesis selected in 
this manner, gains the confidence that he is working 
on a subject of worthwhile value and of current im- 
portance; he gains a direct and welcome access to 
personalities and organizations actively engaged in 
research work; he gains a feeling of contributing a 
necessary part to the overall team effort; and he 
gains the chance to seek employment at this same 
research activity after completing his college work. 
Possibly his most important benefit is the oppor- 
tunity to observe actual working conditions as they 
exist in practice, and thus be able to make a better 
choice when he takes a job and begins his engineer- 
ing career. 

Thesis advisers at the college gain a better con- 
ception of current status of developments; they gain 
a more direct partnership position in building for a 
better future; and they gain a self assurance that 
they are helping the flow of ideas which will break 
down the barriers that tend to grow up between the 
academic and the workaday worlds. In addition the 
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relationship between instructors and students should 
improve. In reference 4, General Hershey discussed 
the difficulty of maintaining the propriety of these 
relationships in the face of the recruiting attractions 
being offered by industry. 

Those who manage research programs can assign 
top priority to subjects which need resolution but 
are held up by a shortage of engineers. Such sub- 
jects are usually very plentiful, especially at the 
level of difficulty appropriate to bachelors’ and mas- 
ters’ degrees. The research activity gains in man 
hours of student effort proportional to its zeal in 
developing such a thesis program; it gains improved 
understanding and public relations, and what could 
be most important, it gains personal contacts which 
should lead to the recruiting of some of the students 
to take jobs in its active organization. In addition 
after having observed the students’ abilities while 
carrying out the theses, the research activity will be 
better able to choose the best persons to fill its 
vacant positions. 


Responsibility for producing results in each pro- 
gram from which subjects would be selected under 
such a procedure, rests with the research activity. 
For this reason, the initiative in developing a thesis 
system as proposed above should also come from the 
research activity. Potential benefits which could be 
gained seem to be a real inducements for such initia- 
tive by progressive research organizations. 
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Investigating the mechanism of collapse of cavitation bubbles on a ship's 
propeller, Dr. A. T. Elllis, of the California Institute of Technology has 
developed a camera which can make |,000,000 exposures per second. The 
light from the subject is polarized and then passed through a Kerr cell, 
which has the ability to rotate the plane of polarization of the light when 
acted on by an electric voltage. The rotation of this plane determines 
whether the light will be passed further through a polarized filter, or blocked 
at this point. The voltage, determining the "shutter" speed, is pulsed by 
a radar-type vacuum tube. Since it is impractical for a film strip to move 
at a fast enough rate to record the images successively, the film is held 
stationary and a mirror attached to the rotor of a small air turbine rotates 
100,000 times a minute and reflects the image sequentially to make a movie 
of the bubble collapse. The photographs have indicated that shock waves 
with accompanying pressures of several hundred thousand pounds per 
square inch are generated by the bubble collapse. 


—from SCIENCE NEWS LETTER 
March 28, 1959 


Two Dutch submarines now under construction have an unusual hull 
arrangement. The pressure-resisting portion of the hull is formed of three 
cylinders arranged on nearly equilaterial centers, with one on top of the 
other two. The twin lower cylinders contain the propulsion equipment. The 
upper hull contains the ship control spaces and living quarters. The three 
hulls, forming the "hard" structure, are surrounded by an outer, non-pres- 
sure hull which serves to provide the desired external form. It is believed 
that the pressure hulls, each of considerably less diameter than a conven- 
tional hull, will permit operations at greater depth. 

—from SHIPBUILDING AND SHIPPING RECORD, February, 1959 
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BASIC REQUIREMENTS OF PRESSURE 
TRANSDUCERS IN PRECISION MACH NUMBER 
AND PRESSURE-RATIO COMPUTERS 
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SUMMARY 


is a brief report on the basic requirements of 
pressure transducers, specifically with respect to 
their equivalent “pressure transmission errors,” their 
effect upon the accuracy of Mach Number and pres- 
sure-ratio computations, their effect upon the design 
requirements of the computers in which they are 
employed, and the absolute performance require- 
ments of such transducers. By separating out the 
irreducible intrinsic errors arising from the trans- 
ducers (pressure-force, pressure-voltage, etc.), the 
proper design emphasis in the computer itself is 
delineated. Finally, useful practical and theoretical 
characteristics are included. 


INTRODUCTION 


The “Aircraft Instrumentation Nomograph,” Fig- 
ure 1, is a convenient description of the various re- 
lationships with which this paper is basically con- 


author and inventor of note. 


cerned. It is to be noted that static pressure, p,, is 
the ambient pressure of the standard free atmosphere 
at a corresponding N.A.C.A. “standard altitude.” 
Further, it is clear that the ratio of “ram-pressure,” 
Pi, to this “static pressure,” directly defines “Mach 
Number,” Mach Number being the ratio of vehicle 
speed to the speed-of-sound at the ambient standard 
pressure altitude. Mach Number is, hence, a pure 
number, not a speed in miles per hour or knots. 
Finally, it is noted that the “differential pressure,” 
q-, equal to the difference between “head-on boom 
pressure” or “ram pressure,” p,, and “static pres- 
sure,” p,, defines an “indicated air-speed,” LAS, in 
miles per hour or knots, with respect to the air-mass 
conditions. To obtain “true air-speed,” TAS, it is 
necessary to take into account both the ratio, p,/ps 
or q-/ps, and the actual air free-stream absolute 
temperature, T, since (the square of “true air- 
speed”) equals the product of (the square of the 
Mach Number) times (the absolute temperature in 
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AIRCRAFT INSTRUMENTATION 
NOMOGRAPH 


DIFFERENTIAL PRESSURE 


8 § 388 83 33 
INDICATED AIRSPEED Vi-MPH 


LAY A STRAIGHT EDGE ACROSS THE DIAGRAM, CUTTING THE HORIZONTAL DIAMETER. 

THE SIX SCALES WILL THEN GIVE THE VALUES OF SIX FACTORS THAT OBTAIN SIMUL- 

TANEOUSLY, NAMELY, STATIC PRESSURE, NACA STANDARD ALTITUDE, DIFFERENTIAL 

PRESSURE, INDICATED AIRSPEED, MACH NUMBER, AND RAM RATIO. KNOWING ANY 
TWO INDEPENDENT VALUES ALLOWS ONE TO PICK OFF THE OTHER FOUR. 
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degrees Kelvin of the free-air-stream) times (a con- 
stant, derived from the adiabatic gas law). In cus- 
tomary air-vehicle instrumentation, p, and p, are 
obtained by critical pitot boom orifices, and T is ob- 
tained by a skilfully designed and located temper- 
ature probe. In other uses, concerning fuel-consump- 
tion and engine optimization or control, the pressure- 
ratio, p./ps, itself, is the parameter of adjustment 
und measurement. 

In considering the question of accuracy of Mach 
Number and pressure-ratio computers within pre- 
scribed altitude-Mach or other corresponding con- 
tours, it is convenient and helpful to first consider 
the computing mechanism perfect and the pressure 
transducers imperfect, and then, the computing 
mechanism imperfect and the pressure transducers 
perfect. This paper addresses itself to the first con- 
sideration to elicit basic performance requirements 
of such transducers. 


Make the following customary definitions: 


X= tan —1=pressure ratio (1) 


Ps Ps Ps 


where p, is total ram (or inlet stage) pressure, p, is 
static (or outlet stage) pressure, and q, is differential 
pressure. Then, by the N.A.C.A. formulation for 
Mach Number 


cos? 


5 
x10 


4 


1 


.8 10 12 14 16 18 2.0 2 
MACH NUMBER 


Figure 2. Intrinsic-Error Magnification Factors. 


(14+0.2M2)25 M<1 (2a) 
(1+-X)= 
166.92 M? 
(iM? M21 (2b) 


In terms of the pressure transducer errors, Aq, and 
APs, alone, there result the following errors in Mach 
Number, arc tan pressure-ratio, and pressure-ratio, 
respectively: 


AM= (Aa.—Ap, (3) 
A@= (cos* ©) (Aa.— Ap, tan ©) (4) 
A (#2) = (Aap, 


The common last factor in parentheses in each of the 
above expressions (3), (4) and (5), (Aq.—Ap; 
tan ©) is labelled “instrinsic error” of the function 
error computation. 


RESULTS 


The first result of the foregoing is that the maxi- 
inum possible intrinsic error, and hence, the maxi- 
mum function error, is given by assuming Aq, and 
Ap; of opposite sign and of magnitude AP equal to 


Mz 0.7213 Mz 1, 141 


2.0 2.2 2.42.5 


1.62 6.65 15.4 27.7 41.8 54,6 64,0 70.4 74.8 77.8 80.1 61.8 82.4 
Arc. Tan q./p, - degrees 


Figure 3. Normalized Differential Sensitivity Functions. 
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that of the larger of the two, for which: 


AM= ( —\(& ) (1+tan@) AP (6) 


AGO= (— ) (cos? ©) (1+tan 0) AP (7) 


A ( =(~-) @+tano AP (8) 


Ps 


AP is called the equivalent pressure-transmission 
error of the transducers. In Figure 2 is depicted the 
behavior of (dM/dX), (cos*@) and (1+tan ©) versus 
Mach Number or corresponding pressure-ratio. 

By re-arrangement of Equations (6), (7), and (8), 
there results the sensitivities, normalized to (1/p,), 
depicted in Figure 3, viz: 


AM 
Ps dX 
AO _ 
AP 


) G+tan @) (9) 


P, (cos? ©) (1+tan 0) 


AP 


It is readily apparent that the Mach Number error 
sensitivity in AP has a minimum at M=1.141. The 
arc tan pressure-ratio error sensitivity in AP has a 
maximum at 22°.5. The pressure-ratio error sensi- 
tivity in AP increases beyond bound with pressure- 
ratio, from its starting value of unity at zero pres- 
sure-ratio. Very notable is the fact that low Mach 
Number computations up to M=1.141 place severest 
limitations on the permitted AP pressure-transmis- 
sion error of pressure transducers in this application. 
The next Figures 4, 5, and 6 demonstrate numerically 
how severe. 

In Figure 4, the maximum permitted per-unit AP, 
for a constant maximum error in Mach Number, 
AM=0.01, is depicted for 0.2=M=2.5. By “per-unit” 
is meant “per unit p,.” For example, for (AM=0.01 at 
p,=14.7 psi and M=0.8, the actual AP, pressure- 
transmission error, permitted in the pressure trans- 


P, =(1+tan @) (11) 


oP 
Per Unit 


(QM = 0.01) 


1.2 1.4 
MACH NUMBER 


Figure 4. Normalized Per Unit Pressure-Transmission Error vs. Mach Number. 
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SEA LEVEL 


10, 000 ft. 


20, 000 ft. 


35, 000 ft. 


50, 000 ft. 


(Q4M=0.01) 


ducers is 14.7x0.01=0.147 psi. If this same AM=0.01 
were desired down to M=0.2 at the same p,=14.7 
psi, a permitted transducer AP of only 0.0028x14.7= 
0.0412 psi is permitted. In a third example, the re- 
quirement is that, at p,=100 mm Hg, for 0.6=M=2.5, 
AM should not exceed 0.02. What is the maximum 
permitted pressure-transmission error, AP, of the 
transducers in the Mach computer, assuming the 
computer otherwise perfect? From Figure 4, AP= 
(100 mm Hg)x(2)x(0.0074)=1.48 mm Hg, a very 
stringent transducer requirement. 

Figure 5 presents in yet a different form, for AM= 
0.01 and for 0.25M=2.5, the maximum permitted 
transducer pressure-transmission error, AP, in mm 
Hg, over contours of constant altitude. It is noted 
thet for all such contours the least AP requirement 
(maximum AP permitted) occurs for the same M= 
1.141; at all Mach numbers lower than M=1.141, the 
AF requirement becomes rapidly more stringent; at 
all Viach Numbers greater than M=1.141, the AP 
req iirement becomes gradually more stringent. With 
inc: casing altitude, at any Mach number, the AP 


MACH NUMBER 


Figure 5. Contours of Constant Altitude vs. Mach Number and Pressure-Transmission Error. 


1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.5 


requirement rapidly worsens. By plotting on Figure 
5 the required Mach-altitude contour in a given 
application, the controlling AP transducer require- 
ment may be immediately determined. For multiples 
or submultiples of AM=0.01 as a Mach tolerance, 
the corresponding AP in mm Hg is obtained by 
multiplying the AP from Figure 5 by that same 
multiple or sub-multiple. 

In Figure 6, for AM=0.01, contours of constant 
AP in mm Hg are shown depicted versus altitude 
and Mach-Number. For example, in a perfect Mach 
computer mechanism utilizing pressure transducers 
with a maximum pressure-transmission error of 2 
mm Hg, Mach Number can be computed to within 
AM=0.01 for altitudes up to 36,500 feet, but at this 
altitude, only for Mach numbers in the close vicinity 
of M=1.141. For the same transducers, at M=2.5, 
maximum altitude cannot exceed 25,000 feet for 
AM not to exceed 0.01. The contours in Figure 6 
are to be interpreted as those Mach-altitude contours 
within which the AM=0.01 tolerance is not violated 
A.S.N.E. Journal, August 1959 
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4M= 0,01 


H. ALTITUDE ABOVE SEA LEVEL - THOUSANDS OF FEET 


Ap 
2m 
1.6 
MACH NUMBER 
Figure 6. Contours of Constant Pressure-Transmission 
Error vs. Mach Number and Altitude. 
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8 


when pressure transducers having the specified AP 
are employed. 

Finally, for reference, Figure 7 depicts certain 
useful functions of Mach Number, pressure-ratio 
and arc tan pressure-ratio for error analysis and 
computer and component design. 

CONCLUSIONS 

Mach Number computer design to a prescribed 
accuracy of Mach Number computation employing 
transducers of specified AP attribute, is at least as 
difficult for the sub-sonic as for the super-sonic 
range. 

Pressure-ratio computer design should emphasize 
the maximum pressure-ratio requirements. 

Are tan pressure-ratio computer design should 
emphasize the requirements in the pressure-ratio 
range zero to unity. 

The pressure transducers used in such computers 
should have not only identical linear pressure-force, 
pressure-voltage, etc., transfer characteristics over 
the required working ranges, but the two transducer 
outputs should not deviate from one another, for the 
same input, over the whole working pressure range, 
by more than the required AP, maximum permitted 
pressure-transmission error, for the application. Re- 
quired AP contours for Mach Number computations 
have been given. Similar AP contours for pressure- 
ratio and are tan pressure-ratio computations can 
be computed from the given error equations for de- 
sign use. 
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INTRODUCTION 


: theory of hydrodynamic lubrication first for- 
mulated by Reynolds in 1886 °° continues to excite 
the interest of both theoreticians and experimental- 
ists. There are two reasons for this continued inter- 
est. One arises from the complexity of the theoretical 
problems associated with operation of an actual bear- 
ing and the second from mechanical engineering de- 
velopments, particularly the requirement for oper- 
ation at high linear speeds which has led to a demand 
for greater precision in design. Reynolds’ work had 
been preceded by the experimental discovery of hy- 
drodynamic lubrication by Beauchamp Tower in 
1885 *° and further confirmation was soon available 
as represented by the work of Michell.*° However, 
experimental investigation of the subject has been 
hampered by the inevitably imperfect nature of the 
components used in the tests. Departures from cir- 
cularity, variations in surface finish, distortion of the 
bearing due to thermal expansion or elastic deforma- 
tion and the variation of viscosity of the lubricant 
with temperature as it passes through the bearing, 
limit the reproducibility of experiments and the ac- 
curacy of generalization based thereon. 


BOUNDARY CONDITIONS 


Although representing a major advance, Sommer- 
feld’s work’? had somewhat unfortunate results. He 
assumed a bearing to be of infinite breadth and that 
the fluid was able to withstand negative pressures 
equally as well as positive pressures. The latter as- 
sumption presupposed a continuum surrounding the 
shaft completely, which cannot be relied upon to 
occur in practice. This led to the prediction that, in 
the case of a bearing which surrounded the shaft 
completely, the locus of the shaft center would com- 
prise a straight line situated at 90° to the line of ap- 
plication of the load. Experimental measurements on 
the behavior of real bearings failed to support this 
prediction and the locus actually observed could gen- 
erally be most simply described as a semi-circle join- 
ing the center of the bearing with the point of inter- 
section of the line of loading with a circle drawn to 
represent the radial clearance. This led, for a time, 
to an unfortunate estrangement between the theo- 
retical and the experimental investigators in this 
field. However, it has recently been shown experi- 
mentally by Floberg * that, if a bearing was so pro- 
vided with seals at its edges as to restrict all move- 
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ment of lubricant in an axial direction and if the 
external mean pressure was raised sufficiently above 
atmospheric, the locus predicted by Sommerfeld was 
obtained. 

The main obstacle to the application of Reynolds’ 
theory to practical design, and one of the major 
drawbacks of Sommerfeld’s approach, has been the 
difficulty of solving the equations in a three-dimen- 
sional form. An early solution of the problem by 
Kingsbury *° was to employ the electrolytic tank 
analogy and indeed design procedures were worked 
out wherein relationships were derived from two- 
dimensional solutions and then modified by factors 
derived from the electrolytic tank analogy.*'’ 
Numerical methods of solution have been used many 
times “*:*’° and, with the advent of modern electric 
computers, the complete range of equations has been 
worked out and published by a number of work- 
ers.77-5°.57-62 However, there remain many problems 
arising from the initial assumptions. In the first in- 
stance, the integration of the pressure curve to de- 
rive load-carrying capacity must be carried out be- 
tween the appropriate limits—Reynolds suggested 
that these were defined by P — 0 at the inlet and 


that P = 0 and  — 0 governed the outlet condi- 
tions. There is an indication from experimental work 
that the position where pressure begins to increase 
may well be determined by the quantity of oil sup- 
plied to the bearing. *'** Moreover, there is evi- 
dence **"' that negative pressures exist. These pres- 
sures are themselves of necessity of small magnitude 
compared with the positive pressures in a well- 
loaded bearing but their existence throws doubt on 


the os — 0 limit. Sedney et al “’ have suggested that 
x 


P= & = at the outlet. Cole and Hughes ** con- 
structed a bearing of glass and observed the actual 
position taken up by the film by causing it to fluo- 
resce under the action of ultraviolet light. They 
showed that the point at which a continuous film 
disintegrated into fibrils was considerably later than 
that usually assumed in theoretical treatments. This 
does not of course provide direct evidence of the ex- 
tent of the pressurized region of the film but does 


d 
throw further doubt on the validity of the is =='§ 


criterion. 


Similarly, in theoretical friction studies it is 
usually assumed that the film is continuous. This re- 
sults in an over-estimation of the magnitude of fric- 
tional loss. 


LIMITATIONS OF REYNOLDS’ THEORY 
Other assumptions made by Reynolds may not be 
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justified under extreme circumstances as follows: 

1. that viscosity may be assumed to be constant 
throughout the pressure area; 

2. that the inertia terms may be neglected; 

3. that the fluid is incompressible; 

4. that the fluid is Newtonian; 

5. that any motion of the fluid in a direction nor- 
mal to the surfaces will be restricted as compared 
with its motion parallel thereto, and that there will 
be no transverse pressure gradient. 

Evidence exists that neglect of the inertia terms, 
while it may be important in extreme cases, is un- 
likely to affect design procedures of bearings for 
normal use.°’:*:7°.%.25.594? As with inertia terms, the 
variation of viscosity with pressure is unlikely to be 
important in normally loaded bearings, although it 
has undoubted significance in situations such as gear 
flanks and ball bearings where intense loads are car- 
ried between hardened 

The main difficulty arises, however, from variation 
of viscosity with temperature. It is clear that, in any 
bearing, the temperature of the lubricant will be in- 
creased as it is sheared and this, by consequent alter- 
ation in viscosity, will affect the pressure distribu- 
tion, friction and load carried. In the case of un- 
loaded or concentric bearings, Hagg*! made an 
analysis to allow for the variation in viscosity and 
consequent velocity across the film. A particularly 
important conclusion was that, as speed was raised, 
the friction torque did not increase proportionately 
as would be expected from iso-viscous theory but, 
in certain favorable circumstances, may reach a 
maximum and may even fall off as speed is further 
increased. This was strikingly confirmed experi- 
mentally by Muskat and Morgan.** 

Variation of velocity across the profile must also 
result in the generation of pressure. Cameron *’ and 
Zienkiewicz ** have elucidated this. However, this 
factor is not particularly important for design. 


THERMAL CONSIDERATIONS 


The extension of Hagg’s work to loaded bearings 
operating at considerable eccentricity is rendered 
difficult by variations in film thickness and therefore 
in rate of shear around the periphery,*’ and the ex- 
perimental observations available in the literature 
cannot be correlated in any simple manner, ‘*:"* If the 
assumption is made that, in a running bearing, the 
majority of the heat is transferred by forced con- 
vection in the lubricant rather than by conduction 
through the bearing housing, it is possible to cal- 
culate by numerical methods the distribution of pres- 
sure, friction drag, etc., within the bearing. This was 
first done by Christopherson.'* He showed that the 
results obtained for load-carrying capacity were 
equivalent to those obtained with a hypothetical lub- 
ricant having a constant viscosity equal to that of the 
oil in question at a temperature selected on the as- 
sumption that the temperature rise of the oil leav- 
ing the sides of the bearing averaged one half of the 
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total rise. The solution with the viscosity averaged 
on this basis gave an almost identical value for load- 
carrying capacity and temperature rise as that de- 
rived when the viscosity of the oil was treated as a 
variable. Friction torque was some 14 per cent high 
when viscosity was averaged. The energy equation 
has also been studied by Charnes, Osterle and 
Saibel.'* Unfortunately, it has been recently shown 
experimentally *° that the adiabatic assumption by 
no means represents the facts and that a considerable 
portion of the heat generated is conducted away 
through the shaft and housing. Moreover, the max- 
imum temperature occurs at or near the point of 
minimum film thickness. Most theoretical treatments 
have assumed that, owing to the lubricant still being 
in a state of intense shear in the diverging portion 
of the bearing, the temperature would continue to 
rise. It has also been pointed out '* that even though 
in many machines the shaft itself is not situated in a 
position where it can readily dispose of its heat, it 
may act as a regenerator in so far as it receives heat 
when passing through the pressure film which it 
gives up in passing through the unpressurized re- 
gion. This leads to a greater uniformity of temper- 
ature throughout the oil film than would have been 
predicted from the adiabatic theory. Wilcock®? sug- 
gests that, for design purposes, it is wise to regard 
the bearing as a “mixer” in which oil is fed in at one 
temperature and may be considered as being with- 
drawn at the mixer temperature. 


DESIGN PROCEDURES 


Even if, for design purposes, we neglect the 
amount of heat dissipated by conduction and assume 
an average viscosity for the oil film, there still re- 
mains the difficulty of predicting what this viscosity 
will be. The designer has now at his disposal a wealth 
of experimental data which, by reason of the wide 
differences in experimental conditions, is not easily 
condensed into a generalized form. There also exist 
a number of tables or curves which have been cal- 
culated from theory. These, however, take the form 
of rather complex functions which are not easily 
manipulated to form a generalized treatment. A use- 
ful approximation ** has been developed by Ocvirk 
to a stage which provides useful algebraic expres- 
sion which can be manipulated in the course of a 
search for the best design for a given set of circum- 
stances. Taking Reynolds’ equation and neglecting 
terms covering the departure from linear variation 
of velocity in the longitudinal direction, an approxi- 
mation is obtained, the validity of which diminishes 
as the width of the bearing increases. The modern 
tendency is to use narrow bearings and the approxi- 
mation is quite close for breadth-diameter ratios of 
one half and moderately accurate for breadth-di- 
an‘eter ratios of unity. The following expression re- 
la‘ ng load-carrying capacity with speed, viscosity 
ani the dimensions of the bearing results: 


Ps €\* Ex Perey“ 

P=load per inch breadth 

n=viscosity 

V=peripheral velocity of shaft 

c=radial clearance 

r=radius of shaft 

d=diameter of shaft 

b=breadth of shaft 

E=eccentricity ratio 


Mention of breadth-diameter ratio introduces one 
of the major anomalies of this subject. On the basis of 
iso-viscous theory, the optimum breadth-diameter 
ratio is usually calculated *'*! to be unity or over. 
However, modern practice, particularly with high- 
speed bearings, indicates that a shorter bearing is de- 
sirable.*:?7-** It is likely that the reason for the prac- 
ticability of the shorter bearing arises from factors 
which are not taken into account in the simple theory, 
such as deflection of the shaft and thermal aspects. 

In solving the cardinal problem of bearing design, 
the determination of effective viscosity of operation, 
it has generally been the practice to neglect the heat 
conducted away through the bearing shell and to 
draw up some form of heat balance *7:**"°:"*.°* between 
the heat dissipated in friction and the amount carried 
away by a lubricant. A difficulty here is the predic- 
tion of oil flow. Most workers **:*°:"" have divided this 
flow into two components, one arising from the hy- 
drodynamic action of the bearing itself and the other 
being governed by the pressure used to force oil into 
the bearing. It has not however been demonstrated 
that these two aspects are unconnected. In particular, 
as indicated earlier, it is possible that the extent of 
the oil film and indeed the volume of oil subject to 
hydrodynamic action may well be determined to a 
greater or lesser extent by the pressure of supply at 
least up to the value giving a complete film at the 
point of maximum film thickness. Over the range 
which they investigated, Du Bois and Ocvirk ** were 
able to provide an expression for oil flow based on a 
parameter which included the feed pressure in the 
denominator. Oil flow varied with feed pressure, 
sometimes giving higher and sometimes lower rates 
of flow than that predicted by their approximate 
theory. It is reasonable to assume that the excess 
amounts were due to the action of the supply pressure 
in forcing oil outwards at the sides of the bearing in 
the unloaded region and that the deficiences were 
due to the supply pressure being insufficient to fill a 
bearing and to give a complete film at the point of 
convergence, which was one of the basic assumptions 
of their theory. Selecting from this curve the value 
of the parameter which corresponds with the theoret- 
ical oil flow, it is possible to derive a simple expression 
connecting the pressure required to give the theoret- 
ical flow with other design data. Thus supply pres- 
sure becomes a factor to be determined as part of the 
design procedure and, this having been done, the re- 
mainder of the procedure may be based on the premise 
507 
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that flow rate will accord with theory. It must be 
noted that the results obtained by Cole and Hughes 
over a wider range are not interpretable in the sim- 
ple manner demonstrated by Du Bois and Ocvirk. 
Some study has been made of “starved” bearings.?®** 

Having obtained expressions for oil flow and fric- 
tion, it is possible to show that an equilibrium tem- 
perature exists, the magnitude of which depends on 
the appropriate design parameters. Oil flow increases 
with eccentricity to a greater extent than friction 
force which leads to rapid re-establishment of equilib- 
rium after a disturbance in conditions. Consider a 
bearing operating under a certain load and at a cer- 
tain eccentricity in circumstances when the oil supply 
is insufficient to carry away the heat generated by 
friction. This will have two effects, the reduction in 
viscosity will lead to an increase in eccentricity and 
will also result in a reduction in friction. The increase 
in eccentricity will result in the increase in oil flow 
so that a new equilibrium will be reached rapidly. 

If the friction of the bearing is estimated by a slight 
further approximation of Ocvirk’s equation suggested 
by Barwell,’ the minimum value of clearance required 
to enable a bearing to operate in any one set of con- 
ditions may be determined. This minimum occurs at 
a definite value of eccentricity and from this it is 
possible to derive an expression which determines 
the minimum breadth of the bearing required to carry 
the load. 


PERIODIC LOADING 


The foregoing remarks relate to bearings which 
are subject to a constant load in a fixed direction. 
When the load rotates, it can be shown that the 
equivalent steady load is represented by the ex- 


pression: 
@ 


where P,=magnitude of rotating load 
»,=speed of angular rotation of load 
and w speed of shaft 


It has been demonstrated by the visual method 
that the oil film is similar in behavior to that arising 
from steady load but that it rotates in conformity 
with rotation of the load. It is thus apparent that a 
critical condition exists when the velocity of the ap- 
plied load is equal to half the operational speed. Un- 
der these circumstances, theory predicts a zero load- 
carrying capacity and experiment confirms that 
operation under these conditions leads to a danger- 
ously high eccentricity.2° When load varies in mag- 
nitude but remains constant in direction, that is 
reciprocating load, similar laws apply and indeed 
Shawki **** has shown how vectorial analysis may 
be applied to bearings. His analysis is capable of 
further development insofar as he assumes the ex- 
istence of a continuous film, whereas in practice the 
film will rupture. Instances of imperfect behavior of 
bearings may be attributable to the load vector mov- 
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ing at half shaft speed for only a comparatively 
short period of the load cycle. Studies of bearings 
under dynamic loads have been made by several 
workers **:71:7*.8 and under steady load with oscil- 
lating motion.? The degree of flexibility of the bear- 
ings may have a significant effect on their response 
to rotating loads.** 


BEARING WHIRL 

One of the most troublesome problems is bearing 
vibration or “whirl.” Clearly from the above remarks, 
a bearing has little capacity to resist the application of 
loads at half shaft speed and indeed one would expect 
any instability of operating to be associated with that 
frequency.®***-6.55-63 Whirl at half shaft speed is an 
inherent characteristic of a complete bearing and may 
be overcome as a rule by introducing some discon- 
tinuity in the film path. If eccentricity due to steady 
loading exceeds a comparatively low value, whirl of 
the kind disappears. Moreover, evidence exists that 
whirl only occurs when the lubricant film is unbroken. 
When rupture occurs, stable operation is rapidly 
achieved. Another type of whirl exists which has 
been shown **:*%-5*58 to be associated with the dy- 
namic properties of the shaft and possibly of the 
bearing supports. There is a strong tendency for this 
type of bearing instability to occur when the speed 
of rotation exceeds twice the natural frequency of 
the shaft in transverse vibration. This form of whirl 
may be best overcome by ensuring that the steady 
load applied to the bearing is sufficient to cause it to 
operate at high eccentricity. 


HYDROSTATIC LUBRICATION 


The feasibility of lubricating a bearing hydrody- 
namically in any given set of circumstances is deter- 
mined by the possibility of selecting the design para- 
meters, breadth, clearance and viscosity in associa- 
tion with speed and load so as to provide a film thick- 
ness of adequate magnitude. In certain cases, either 
of high load or low speed, it becomes impossible to 
do this, but it is still possible to obtain the main 
benefits of fluid film lubrication by arranging to 
supply fluid to the loaded side of the bearing at a 
pressure sufficient to balance the applied load. Such 
hydrostatic bearings have been thoroughly treated 
by Fuller.** It is not necessary for the fluid to be a 
liquid and very effective bearings have been used 
which employ air or steam as the pressure medium.*° 


AIR BEARINGS 

The increasing tendency toward higher speeds for 
rotating machinery renders it possible for air and 
other gases to be used as lubricants in the conven- 
tional hydrodynamic manner. Installation of air bear- 
ings may be a matter of great simplicity because 
they will aspirate air from the surroundings without 
any auxiliary feeding equipment whatsoever. Sub- 
ject to consideration of compressibility,!®**:**.1-4%*° 
the normal laws of hydrodynamics apply and it has 
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been estimated ** that a load corresponding to 1 p.s.i. 
per 1,000 rpm is a useful criterion for determin- 
ing whether or not an air bearing shall be employed. 
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LIFTING-LINE THEORY OF THE SUBMERGED 
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dynamical Investigation on the Submerged Hydrofoil,’ which appeared in 
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PART I 


A calculating method for obtaining hydrodynamical characteristics of the 
submerged hydrofoil of finite span. 


SYMBOLS Nevertheless it seems that improvement still re- 


mains to be made in the following areas: 
1. The expression of velocity potential is too com- 
plicated to understand the physical meaning of 


C= speed of advance 
f= immersion 
t= chord length 


b= span : the equation used in the calculation. 
-_ meet see 2. The method for obtaining the characteristics is 
C,= lift coefficient 


too troublesome to adopt from a practical point 
of view. 

The flow around the hydrofoil can not be justly 
represented by arranging the bound vortex to 
the trailing edge. 

In this paper the author, in the direction of im- 
proving the above-stated weak points, has developed 
the lifting-line theory of the submerged hydrofoil 
of finite span and examined in detail the following 
items: 

Part I. A practical calculating method for obtain- 
ing hydrodynamical characteristics of the sub- 
merged hydrofoil of finite span. 

Part II. A practical calculating method for ob- 
taining hydrodynamical characteristics of the sub- 
merged hydrofoil of dihedral angle. 

Part lII. A practical calculating method for de- 
termining the distribution of chord length and attack 
angle from the optimum distribution of circulation of 
the submerged hydrofoil. 

Part IV. Side wall effect of an experimental tank 


C,,= resistance coefficient 
W= coefficient showing the influence of viscosity on 
the lift 3. 
T= circulation 
y= non-dimensional circulation 


The suffix co means the corresponding value in an infinite 
fluid and the dash denotes the corresponding value in the 
two dimensional case. 


INTRODUCTION 


From the viewpoint of the direct application to 
practical problems, the theory of the submerged 
hydrofoil of finite span is of extreme importance. 
Up-to-date some theoretical treatments of the sub- 
merged hydrofoil as a three dimensional hydro- 
dynamical problem have been published. These re- 
searches are worked out by Weinig,’ Mauro* and 
Wu.’ However, of these works, Wu’s treatment’ 
seems to be the most prominent since both boundary 
conditions, on the free surface and on the contour of 
the hydrofoil, are taken into account precisely. 
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SUBMERGED HYDROFOILS 


on the characteristics of the submerged hydrofoil. 

Part I will be covered in this issue of The 
JouRNAL. The remaining parts will be included in 
subsequent issues. 


VELOCITY POTENTIAL 


We take the origin of coordinate 0 on the still 
water level with ox-axis in the direction of advance, ~ 
oy-axis in the direction of the span and oz-axis 
vertically upward, as shown in Figure 1. Because Yn 
of a fairly large aspect ratio and small loading, 
Prandtl’s original concept of the lifting-line may 
be applied to the submerged hydrofoil of finite span; 
the hydrofoil can be substituted by a bound vortex, 
namely lifting-line, and the free vortex is situated 
on the plane parallel to the xy plane. 


Figure 1. Coordinate. 


When a hydrofoil of span b advances in an infinite fluid with the constant 
speed C at the distance f from the origin, the velocity potential is given by 


1 0 b/2 1 

Differentiating by z and then integrating by é, (1) can be transformed into 
the form 


-b/2 0 


where W=xcos0 + (y-7)sin9 


As the second term does not include the variable x, it may be interpreted 
that the first term represents the fluid motion by the bound vortex and the 
second term by the free vortex. 

When we denote the velocity potential of the submerged hydrofoil #, the 
boundary condition on the free surface can be given by 


Ox? +K, az —p K=¢/C ( ) 


Then the velocity potential can be expressed in the following form, from (1’) 
and (2): 


-b/2 


87? 0 
i b/2 5 


where the real part is to be taken, and the Rayleigh’s viscosity co- 
efficient » is to be set equal to zero after serving its purpose. 

The velocity potential ©, is the image of ®,, when the free surface is con- 
ceived as a fixed boundary; the first and second terms represent the fluid 
motion by the bound and free vortex respectively at the image point. The 
velocity potential ©, represents the wave disturbance. 
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Now we transform ®, by applying the contour integration: 


For w>0 


. (6) 


+0, 


For w<0 


K, msinm(f—z) +K,sec?@cosm(f—z) 


2 


where 6,=tan- 


(6) and the first term of (7) represent the local symmetrical disturbance 
which can be observed only in the vicinity of the hydrofoil, and the second 
term of (7) represents the regular wave motion to the rearward of the hydro- 
foil. 

We transform the second term of (7) by putting u equal to tan @ 


+1) /2e-Kolt-2) +0 x+ (y—n)u}]du 


| 


Generally the speed of advance of the submerged hydrofoil is extremely high, 
therefore it can be easily shown that the contribution to the integral (7’) is 
exclusively due to the larger values of u. Then paying attention only to the 
vicinity of the hydrofoil, we obtain 


K, b/2 
| cos{ K,(y—n)u? "udu ......... (7) 
-b/2 

x~o 
Transforming (7”) by putting K,u* equal to t, we have 

1 b/2 
lim P(n)dn | eos} t(y—n) (7”) 
Koo 2r -b/2 0 


x~o 


Now comparing (7”) with (4), the following relation holds 


lim 


Koo 


x~o 


In other words the velocity potential of the regular wave at an extremely 
high speed is equal to twice that of the image free vortex; or the wave motion 
immediately after the hydrofoil gradually approaches the free vortex motion 
as the speed becomes higher. 


On the other hand the corresponding relation‘ in a two dimensional case is 


K 


x~o 


That is, the regular wave motion immediately after the two dimensional hydro- 
foil can not be observed at all. 

The relations (8) and (9) will be useful for considering the relation between 
the induced and wave resistances and the variation of the wave resistance 
with the aspect ratio. . 
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INDUCED VELOCITY 
Now we consider in detail the induced velocity before examining the forces 
of the hydrofoil. 
Vertical induced velocity 
Differentiating (3) by z we obtain 


w dy y—7 = (1) cos|u(y—7) 


2 b/2 
= | | sec’ \d@ (10) 
0 


—b/2 


Evaluating the integral after altering the variable of the integration, (10) 
can be reduced to 


1(>2dI(n) dp 172 — 
(n)K(y—n)dn 


K? 


9 { 2f 1 8f? 


K(y)=- 


Vy?+4f y?+4f? J — 
with the modified Bessel functions of the second kind K, and K,, the argument 


of which is 


(11) can be transformed for extremely low and high speeds as 


limK (y)=—limK (y)= 


K K ( 
0 0 


Therefore the vertical induced velocity is caused by the regular wave motion 
and free vortex motion, and further, decreases at extremely low speeds and 
on the contrary increases at extremely high speeds. Correspondingly to this, 
the effective angle of attack increases at extremely low speeds and decreases 
at extremely high speeds. 


Horizontal induced velocity 
As easily shown from (3), the horizontal induced velocity has no relation 
at all with the free vortex. Therefore if the aspect ratio is very large, the 


horizontal induced velocity could be replaced by that of the two dimensional 
case. 


The horizontal induced velocity in two dimensions’ is given by 


r 


e-K(f-y)+ikx 


K-K,+ip 


e-K(f-y) +iKxqK — 2Ko| 
Applying the Fourier’s double integral theorem to (12) we obtain 


e-a(f-y)+iaxda 


0 

© g@-a(t-y)+iax 

tin 

Then putting a=Kcos# and 8=Ksin#, (12’) can be transformed into 


2K, | “cos(y—n)ap 


w,’= Proce ao | "Ke K(t-2) cose+ik) xcose+(y-n) sine 
87° 


© Ke-K(f-z)cose+iK 


K—K,secé+ipusecd 
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As it can be easily demonstrated that the contribution to the integral with 
respect to @ is mainly due to the extremely small value of @ if the aspect ratio 
is very large, (12”) is reduced to 


1 
Ke-K(i-z)+ik { xcose+(y—-9) sino } 


42K, |\T(n)dn |" secade 


ao | Ke-K(f-z) +ik | xcose+(y-9) sine } qK 


On the other hand, by directly differentiating (3) with respect to x, (12’’’) 
can also be obtained. Therefore the relation holds?: 


where Li is a Logarithmic integral. 
In short we can see that the horizontal induced velocity depends only on the 
local symmetrical disturbance and the bound vortex motion, and is negligibly 


small compared with the advancing speed of the hydrofoil. 


INTEGRAL EQUATION 
The circulation in two dimensions is given by 


Then the circulation on the span of the submerged hydrofoil is given by 


On the other hand the circulation in an infinite fluid is given by 


Taking a fairly large aspect ratio and small loading into account, and neglect- 
ing the 2nd order, we have from (10’), (15) and (16), 


mM, ra 


When the circulation in an infinite fluid is given, the corresponding value in 
the submerged condition can be known by solving this integral equation. 
From the circulation, the lift and resistance can be obtained respectively by 


b/2 


-b/2 
b/2 

-b/2 


NUMERICAL SOLUTION 

An analytical solution for this integral equation (17) is too troublesome to 
obtain. However from the fact that (17) is of Fredholm’s type of the second 
kind and the kernal K (y-7) is regular, we can solve numerically by applying 
Nystrém’s method. 

Putting 

T(y)=2bCy(y) and 1, (y)=2bC 

(17) is reduced to 


my ty) 
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= 4482+ %4 


+2(K,f): ( [114 


482+ 
1 8 


Ky 


28 
ty 48°4+%4B*y? Kof y 4824+ 


88° 


+ K, fi 482+ 
with s=f/t,... 


be (Sty | 


and 


Then by Nystrém’s method (17’) is transformed into 


S ary +70 (ys) 


Taking seven points over the span after Glauert’s 
method, seven simultaneous equations are obtained, 
but we can reduce them to four simultaneous 
equations owing to the symmetry of the distribution 
of circulation with respect to the central plane. Then 
the coordinates 7; and coefficients a;" in the nu- 
merical calculation should be taken as follows 


( ) —+0,94910 ( ) =0.06474 


( 1 ) =+0.74153 


6 


( ) =0.13985 


( 13 ) =+0.40584 


5 


a;’ \ 
=0.19091 
) 


=0 a,” =0.20898 

Thus using the numerical value of y (y), the lift and 
resistance can be also obtained from (18) and (19) 
by a similar numerical procedure. 


NUMERICAL EXAMPLES 


Numerical calculations are carried out for the fol- 
lowing cases: 


Aspect ratio A=5 and 7 


Circulation Yo (n)=— 1—7? 


Immersion | 


Coefficient w=0.85 


The distribution of circulation over the span is 
shown in Figure 2. Except at extremely low speeds, 
we find the effective circulation distribution only 
small compared with that in an infinite fluid for the 
speed range of interest. The variation of the lift and 
resistance with the Froude number are shown for 
three aspect ratios A=5, 7 and © in Figures 3 and 4 
respectively; from which we see that, compared with 
the corresponding value in the two dimensional case, 
the effect of the free surface on the lift and wave 
resistance decreases as the aspect ratio becomes 
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( 17”) 


004 


Kf=co 2 0 


Figure 2. Effective Distribution of Circulation for the As- 
pect Ratio 5 (Dotted line shows the corresponding value in 
an infinite fluid.) 


Figure 3. Variation of Lift with the Froude Number for 
the Aspect Ratios 5, 7 and co. (Dotted line shows the cor- 
responding value in an infinite fluid.) 


smaller, and also the wave resistance has a limiting 
value at extremely high speeds. The reason for the 
latter may be explained by the relation (8). 

In order to confirm the accuracy of these results 
for n=7, we compare the corresponding results 
for n=9. The distribution of circulation is shown in 
Figure 5 and the lift is as follows: 


T(0)/2bC Cia 
0.03869 
0.03906 


Cc. / Crago 
0.8780 
0.8823 
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008 


Figure 4. Variation of Resistance with the Froude Number 
for the Aspect Ratios 5, 7 and Infinity, (Dotted line shows the 
corresponding value in an infinite fluid.) 


004 


10 10 


Figure 5. Effective Distribution of Circulation for K,f=0.1 
and \=7. 


From these we see that the results for n=7 are 
sufficiently satisfying for practical purposes. 


COMPARISON 


In order to compare with the experimental re- 
sults® published recently by NACA, we arrange 
our calculations as follows: 

1. The replaced lifting-line is reckoned as a hori- 
zontal bound vortex through the quarter-chord point 
from the leading edge, because the center of pressure 
in the ordinary hydrofoil section almost coincides 
with this point. 

2. The coefficient showing the influence of viscosity 
takes a value® between 0.80 and 0.90; therefore 
we select 0.85 as a mean value. 

Comparisons are made for the two conditions as 
follows: 


aspect ratio 
10 
4 


The lift and resistance are shown in Figures 6 and 7, 
and Figures 8 and 9, respectively. Surveying these 


NACA TANK 
© NACA TANK N02 


05 { 1 
0 8 10 
Figure 6. Comparison of Lift with NACA Data for the As- 
rect Ratio 10. 


4 NACA TANK 


l 1 
Figure 7. Comparison of Resistance with NACA Data for 
the Aspect Ratio 10. 


© NACA TANK NOQ2 


0 2 4 6 10 


Figure 8. Comparison of Lift with NACA Data for the As- 
pect Ratio 4. 


© NACA TANK NO.2 


0 


Figure. 9. Comparison of Resistance with NACA Data for 
the Aspect Ratio 4. 
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results, the calculated values are in good accordance 
with the experiment for an aspect ratio of 10 but 
larger than the experiment for an aspect ratio of 4. 
The cause of the latter may be interpreted as the effect 
of the lifting-surface. At any rate, taking into account 
that the aspect ratio of the submerged hydrofoil is 
relatively large and almost 9 as a mean, it can be 
safely said that this present method gives a satis- 
fying result for the normal condition of operation. 


CONCLUSIONS 


In this paper the lifting-line theory of the sub- 
merged hydrofoil of finite span is developed. The 
main problems treated are as follows. 

1. Introducing Rayleigh’s viscosity coefficient, the 
velocity potential is represented in a relatively 
simple form and its physical mean is illustrated. 

2. A practical calculating method for obtaining the 
characteristics is proposed by applying Nystrém’s 
method to the integral equation of circulation. 

3. By the numerical examples the effect of the as- 
pect ratio on the lift and resistance is clarified. Also, 


comparing the theoretical value with the experi- 
mental, the reliability of the proposed method is 
confirmed. 

The author wishes to express his gratitude to 
Prof. F. Numachi and Prof S. Fuchizawa for their 
many inspiring discussions. 
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DISCUSSION 
“Lifting-Line Theory of the Submerged Hydrofoil of Finite Span” 
PART I 
by Tetsuo Nishiyama 
By Dr. B. Silverstein, Ship Design Division 
Bureau of Ships 


In this paper, Professor Nishiyama studies an im- 
portant practical problem in connection with hydro- 
foils—the finite wing. As is pointed out, Wu’s treat- 
ment of this problem is elegant but is not in the form 
that is easily used by the designer; there are a num- 
ber of integrals that are intractable. 

Before examining Professor Nishiyama’s work, it 
is useful to summarize the background of the lift- 
ing-line theory, due to Prandtl, which both Wu and 
Nishiyama have extended to consider free surface 
effects. 

It should be re-emphasized that all of the studies 
of lifting surfaces (wings, hydrofoils, etc.) are based 
on the vortex, and systems of vortices. These vortices 
can be seen in flow pictures of lifting wings, but for 
our purposes they can be considered as a special 
sort of mathematical singularity. It may be consid- 
ered as a point that induces a special velocity field 
about it. All particles travel in a circular path about 
the vortex with a tangential velocity that is inversely 
proportional to the distance from the vortex (as 
the path is circular there is, of course, no radial 
velocity). There is a subtlety here that might be 
noted; the particular relation of tangential velocity 
to distance from the vortex is a result of insuring 
that the motion is “irrotational,” where the laws and 
theorems of hydrodynamics are well-known. The 
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particles, though moving in a circular path, do not 
“rotate”; they stay in position very much like the 
cars on a ferris wheel. 

If we construct any closed curve surrounding a 
vortex and integrate the tangential velocity from any 
point on the curve, traversing this curve back to the 
same point, we derive the circulation, [, which has 
units of feet squared per second. 

The laws governing vortices have been studied by 
many men including Helmholtz, Lord Kelvin and 
Kutta. The latter developed the famous theorem of 
lift which sparked the great interest in vortices and 
their associated circulations: 

Lift per unit of span = Mass density x velocity 
x circulation, 


or L=pVIr 


Any explanation of vortex representations for 
lifting wings must satisfy the laws of vortex be- 
havior, such as circulation is a constant with respect 
to time, vortex filaments must close, etc. 

Now let us consider a hydrofoil at an angle of 
attack, moving with constant velocity through an 
ideal fluid. Immediately, a so-called starting vortex 
(parallel to the span) leaves the wing. The strength 
of this vortex is equal and opposite in sign to the 
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bound vortex remaining on the foil: This is con- 
venient, as one of the laws to be satisfied is that the 
circulation is constant with time. Both vortices (the 
starting and the bound) extend to infinity and thus 
satisfy another law that vortex filaments must close. 

The finite wing, in order to satisfy this latter law, 
must shed vortices at each wing tip; this is called 
the trailing vortex. When the starting vortex is far 
downstream the system consisting of a bound vortex 
on the foil and the trailing vortex form a representa- 
tion that looks somewhat like a horseshoe, and thus 
is commonly referred to as a horseshoe vortex field. 

This leads to a fundamental difference between 
the two-dimensional and the finite foil. For the 
former, I is a constant with respect to the span. For 
the latter, the circulation must vanish at the foil tips 
and thus must vary with span—note, for example, in 
equation (1) of this paper that [ is a function of 7 
as it varies from one tip to the other. 

The horseshoe vortex system no longer preserves 
the symmetry of flow ahead of the foil compared to 
that aft. The trailing vortices plus the bound vortex 
induce a downward inclination of the velocity field; 
the vertical component is the well-known downwash. 
This causes a tipping aft of the resultant force vector 
on the foil, which can be attributed to an “induced 


drag.” As is well-known, this induced drag is, of 
course, zero for two-dimensional foils and is a mini- 
mum on a finite wing that has an elliptical spanwise 
distribution of circulation of the bound vortex. 

This concept of replacing the finite wing by bound 
trailing and starting vortices was first developed 
mathematically by Prandtl and thus bears his name 
as Prandtl’s lifting-line theory. It should be noted 
that this theory is applicable only for large aspect 
ratios and small to moderate loading. For heavily 
loaded foils, a lifting surface theory is needed. 

Professor Nishiyama uses the lifting line theory 
in his representation of the wing. He then presents 
the total velocity potential, including the effects of 
the free surface. From this he derives the induced 
velocities which are needed for the determination of 
T and then the lift and drag. 

The results appear extremely useful and the ex- 
perimental data check nicely with the theory. The 
real value does, of course, depend on the ease and 
speed of application to hydrofoil design. This will 
require a number of calculations to check existing 
data. In this connection, this paper and the next one 
(treating foils having a dihedral angle) should pro- 
vide excellent working material for the hydrofoil 
designer. 


The project to drill through the crust of the earth—Project Moho—will 
require a considerable amount of ingenuity to develop the equipment and 
technique required. The American plan projected presently envisions drill- 
ing from a marine rig, since the Mohovoricic Discontinuity lies about 16,000 
feet below the seafloor in certain Pacific areas, while elsewhere, a much 
deeper hole would be required. This depth hole, on dry land, would be 
feasible with present equipment. However, in the Pacific locations, the 
ocean is 15,000 to 18,000 feet deep. This means handling unprecedented 
lengths of drill strings—over 30,000 feet long. Alternatively, a means for 
applying power directly to the drill pipe at the ocean bottom may be 
feasible. It appears that a new design drill barge will be required to meet 
the stringent requirements. The Soviet Academy of Sciences is reported 
to have set up a new branch in order to solve the necessary problems and 


be the first to accomplish the project. 
—from SCIENCE NEWS LETTER 
June 6, 1959 
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A standard conversion from centimeters to inches has been adopted by 
the "inch-using" countries as of July | this year. Previously two values were 
in use among these countries—both were used within some of the countries. 
The difference amounted to less than a hundred-thousandth of an inch, but 
in the modern age of ultra-accuracy this was no longer tolerable. The new 
International Standard now provides an inch standard of exactly 2.54 centi- 
meters. 


—from MACHINERY 
May, 1959 


The B. F. Goodrich Company has developed a process for the produc- 
tion of flexible magnets. Made of specially compounded vinyl plastic, the 
material is producible in continuous lengths in a wide range of shapes and 
cross sections. Cutting it does not impair its magnetic qualities. The ma- 
terial is attracted to ferrous objects or to itself, and is capable of being 


magnetized in any direction. 
—from MECHANICAL ENGINEERING 
June, 1959 


In a paper presented to the Society of Automotive Engineers, F. E. Rom 
and P. G. Johnson examined the requirements of a nuclear rocket for space 
exploration. It was noted that | 30 million horsepower would be required to 
place a 500,000 lb. interplanetary vehicle in orbit, while only one thousandth 
of this power would produce a 0.lg acceleration—sufficient for space 
missions once the vehicle is in orbit. Therefore reactors of sufficient pow- 
er to launch the vehicle would have to be several times more powerful 
than any now known. This dictates the use of chemical propulsion for the 
initial portion of the flight. 


—from S.A.E. JOURNAL 
June, 1959 


A new method of detecting condenser tube leaks using plastic film has 
been employed by the Virginia Electric and Power Company. Claimed to 
permit faster isolation of leaking tubes than the commonly employed pres- 
sure tests using soap film or candle flame, the method is applicable to 
marine use. In this procedure, after the circulating water is drained from 
the condenser, ordinary household plastic film is placed over the tube ends 
of one tube sheet, the tube ends being kept wet. Then, with the air ejectors 
in operation, the other end is covered. A leaking tube will rapidly reveal it- 
self by pulling the plastic film into the tube end. 

—from POWER 
June, 1959 


The use of epoxy resins to form a matrix in which metalic particles can 
be embedded is attracting increasing attention in the field of engineering 
materials. Like the technique of powder metallurgy, such an approach offers 
the possibility of obtaining a combination of properties not possible by 
ordinary alloying techniques. Low friction materials can be combined in 
varying proportions to obtain properties most suitable for particular bear- 
ing applications. Graphite, molybdenum disulphide, lead, copper, zinc and 
tin alloys are examples. The possibility of improved radiation shielding is 
indicated. The use of powdered lead cast in epoxy provides good gamma 
shielding possibilities, with an advantage over-solid lead slabs in shaping 
and forming. Casting heavy shielding sections on the erection site may be 
cheaper and more efficient than transporting and erecting heavy slab sec- 


tions. 
—from INDUSTRIAL LABORATORIES 
May, 1959 
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|= current trend in tanker design, in which dead- 
weight capacity is being continuously increased, is 
leading to progressively higher torques on propeller 
shafts. This is because the propeller efficiency 
falls off as revolutions increase (unless the ship’s 
speed is correspondingly increased), and be- 
cause the power required for a given speed in- 
creases with the size of the ship. This is illustrated 
graphically in Figure 1, in which are plotted propeller 
shaft torque against thousands of tons deadweight 
for a number of tankers designed during the last ten 
years. All the points plotted represent ships which 
have actually been built or ordered with the excep- 
tion of the 72,00¢-ton tanker. While the scatter of 
the points in relation to a fair curve is fairly wide, 
reflecting various owners’ opinions concerning the 
proper economical speed for their ships, it is fairly 
clear that a 72,000-ton tanker is likely to require a 
propeller shaft torque of around 15X10° lb. in. and 
a 100,000-ton tanker (if propelled by a single screw) 
something approaching 20x 10° lb. in. 
DEADWEIGHT - TONS x 103 


TORQUE - LB INS X 10° 


DESIGN CONSIDERATIONS 


From considerations of first cost and also efficiency 


there is a desire to retain the two-turbine single- Figure 1. Trend of tanker machinery torque over the past 
screw arrangement, and a torque of 12X10° lb. in. 10 years. 
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(20,000 s.h.p. at 105 r.p.m.) has been handled suc- 
cessfully by gearing of conventional design. Torques 
of 12.810° lb. in. (22,000 s.h.p. at 108 r.p.m.) also 
are programmed for construction in the near future. 
The trend appears to be continuing, however, to the 
stage when handling of the torques required for 
larger tankers will pose a problem for the gear de- 
signer, and it may be necessary to break new ground 
in terms of tooth loading, gear materials or gear con- 
figuration. 


PROPOSAL FOR 26,500 s.H.P. 


By way of example: the guidance specification for 
a proposed tanker of about 72,000-tons deadweight 


TABLE I—GEARING AND MATERIAL PARTICULARS 


called for two turbines geared to a single screw, the 
leading particulars being approximately as follows: 


A division of power of 12,900 h.p. on the H.P. train 
and 13,600 h.p. on the L.P. was assumed, based on 
previous practice designed to produce equal load 
distribution under service power conditions, and a 
number of possible gear designs have been prepared 
and examined. Of these, three have been selected 
for critical survey here. 


First Reduction Second Reduction 
Gearing Gearing 
HP. HP. LP. LP.| HP. LP. | Main 
Pinion Wheel Pinion Wheel Pinion/Pinion Wheel 
No. of Elements 1 1 1 1 t B 1 
Horse Power 12900 12900 13600 13600; 12900} 13600} 26500 
Speed RPM 5950 728 3391 728 | 728 | 728 | 1095 
. | No. of Teeth 53 433 93 433 75 75 499 
<| P.C. Dia. In. 11.679 | 95.414 | 20.493 | 95.414| 24.769 |24.769/164.795 
Face + Gap In. 22.50+3Gap | 2250+3Gap| 49.25+3Gap 
P.LS. Ft./Sec. 303 303 79 
: Helix Angle 29° 59’ 29° 59 29° 58’ 
Normal Pitch In. 60 60 .90 
Tooth Load Lb./In. 1040 1096 H.P.-1830 L.P.-1930 
K Factor 100.0 65.0 H.P.-85.0 L.P.-89.6 
Material En.26 | En.9 | En.26 | En.9 | En.26|En.26|En.9 


posal “B” 


Pro 


Proposal “C” 


522 


A.S.N.E. Journal, August 1959 


No. of Elements | 1 1 
Horse Power 12900 12900 13600 13600 | 12900 | 13600| 26500 
Speed RPM 5950 723 3359 723 | 723 | 723 | 108.7 
No. of Teeth 35 288 62 238 | 75 | 75 | 499 
Dia. In. 8.995 | 74.018  |15.934 | 74.018|24.769|24.769/164.795 
+ Gap In. 13.75 + 3Gap 13.75 + 3Gap 49.25 + 3 Gap 
| PLS. Ft./Sec. 234 234 78 
Helix Angle 29° 58’ 29° 58’ 29° 58’ 
Normal Pitch In. .70 70 90 
Tooth Load Lb./In. 2209 2329 H.P.-1843 L.P.-1943 
K Factor 275.5 177.7 H.P.-85.6 L.P.-90.2 
Material |En. 36 CH | En. 24 IH|En. 36 CH] En. 24 IH| En. 26|En. 26|En. 9 
No. of Elements q 2 7 2 2 2 1 
Horse Power 12900 6450 13600 6800 | 6450 | 6800 | 26500 
Speed RPM 5950 | 1025 3354 1025 | 1025 | 1025 | 1092 
No. of Teeth 31 180 55 180 60 | 60 | 563 
P.C. Dia. In. 6.768 | 39.297 12.007 39.297 |17.620 |17.620 165.330 
Face + Gap In. 14.00 + 3 Gap 14.00 + 3 Gap 33.25 + 3 Gap 
P.LS. Ft./Sec. 176 176 79 
Helix Angle 29° 2’ 29° 2’ 29° 58’ 
Normal Pitch In. 60 60 80 
Tooth Load Lb./In. 1442 1520 H.P.-1354 L.P.-1428 
Factor 249.8 165.3 H.P.-85.1 L.P.-89.7 
|_| Material [En. 36 CH | En. 24 TH|En. 36 CH | En. 24 IH |En. 26|En. 26|En. 9 
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TABLE II—MATERIAL SPECIFICATIONS 


Yield | Elonga- 
Stress 


British Tensile tion Brinell 
Material Standard Condition Strength | Tons/ per hardness 
designation En. No. Tons/sq. | sq. in. cent number 
in. min min. min. 
“55” Carbon En. 9 Normalized 45 23 18 (201-255 
steel 


14%2% Nickel- | En.24 
chromium- 

molybdenum 
steel 


214% Nickel- 
chromium- 
molybdenum 
steel (high 
carbon) 


3% Nickel- 
chromium 
case harden- 
ing steel 


En. 36A 


55 (Core)| — —  |535 (case) 


55 (Core)| — —  |565 (case) 


Briefly, Proposal “‘A” embodies conventional gear 
materials, En.26 for pinions, En.9 for wheels, the 
tooth loading being in accordance with Lloyd’s Rules, 
the K factor being 100 and 90 on the first and second- 
reduction gears respectively. 

Proposal “B” incorporates the same second-reduc- 
tion gears as Proposal “A” (K=90), but the first 
reduction gears are hardened and ground, the K 
factor being 275. 

Proposal “C” employs a dual-tandem gear con- 
figuration. The second-reduction gears are of the 
same materials as “A” and “B” and designed on the 
same load factor (K=90). The first-reduction gears 
are hardened and ground, the K factor being 250. 

For each of these designs it would be specified that 
all gears should be to B.S.S. 1807, Grade Al, being 
finished by shaving, lapping or grinding as appropri- 
ate. The leading design particulars are shown in 
Table I. 

The brief specification of materials by their British 
Standard numbers may be amplified by reference to 
Table II, which indicates also the condition in which 
the steels are used. All steels are standard except that 
En.9 must be ordered with the carbon limited to 0.55 
per cent max. (specified 0.5-0.6 per cent) to facili- 
tate satisfactory gear hobbing. 


TOOTH FORM 


(a) All the gears referred to here are of the double- 
helical type. This, of course, is standard practice 
with gears which are not hardened, and there is no 
difficulty in retaining the practice with hardened 
pinions. Hardened and ground wheels, however, 
present a problem because if made in the ordinary 
way, it will be necessary to provide a gap of 5 or 6 in. 
between the helices to allow for grinding. The 
alternative of using single-helical gears has, of course, 


been considered, but because the thrust bearings are 
power absorbers and therefore reduce the gearbox 
efficiency, and because there is not at present avail- 
able a proven design of conical bearing for taking 
end thrust, and also because the slewing effect due 
to the overturning moment on the single-helical gears 
produces some uncertainties concerning the precise 
load distribution during operation, it has been pre- 
ferred to go to the trouble of making wheels having 
two rims, each capable of removal from its reference 
while the other is being ground. Such a wheel is indi- 
cated in the first-reduction train in Figure 4, but for 
the larger wheels of Proposal “B” a cast or fabricated 
steel center would be used. In addition to the cylin- 
drical reference the rims are located by conical 
dowels, which also transmit the torque, and securing 
bolts which pass through the dowels. 

(b) Figure 2 illustrates the tooth form selected 
for all the gears referred to above and is of the type 
having 16 degrees pressure angle and a working 
depth of 2.4 module. There is a school of thought 
which believes that, for hardened gears, it is neces- 
sary or desirable to go to higher pressure angles to 
reduce the slide/roll ratio and tendency towards 
scuffing. The author has indeed been associated with 
gears having a pressure angle as high as 25 degrees; 
these being designed specifically as anti-scuffing 
gears. It is considered, however, that it is highly 
desirable to retain the maximum possible working 
degree of flexibility in the gear teeth, and it is felt 
that the 16-degree tooth form, now Pametrada’s 
standard, is the best compromise available, and there 
is no justification for using teeth which have less sur- 
face area, which are less flexible and which are not 
stronger. It is believed that all the gears proposed 
would run on an ordinary mineral oil without scuffing 
and probably the second-reduction gears of Pro- 
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Figure 2. Tooth form used in the three studies, a 16-deg. 
pressure angle and 2.4 module are employed. 


posals “A” and “B” are the ones which have the 
lowest factor of safety. At the present time, however, 
all the major oil companies have available satisfac- 
tory extreme pressure lubricants. 


TOOTH LOADING 


Surface loading has been indicated by the factor 
K, as defined in Lloyd’s Rules. The values adopted 
for the En.26/En.9 material combination, namely, 100 
for the first-reduction gears and 90 for the second- 
reduction, are relatively high by normal merchant- 
ship standards, but have in fact already been used 
with success in certain applications. 

The values adopted for the hardened gears in 
EN.36/En.24, namely 275 for tandem first-reduction 
gears and 250 for dual-tandem first-reduction gears, 
are thought to be higher than have previously been 
used for merchant-ship main propulsion but the test 
results recorded by Newman suggest that these fig- 
ures are conservative. It may be added that the 
hardened gears proposed are not larger than those 
which have been tested, so there is no reason to 
expect any disappointing results due to size effect. 


FACE-WIDTH TO DIAMETER RATIO 


The ratio of face-width to diameter for the hard- 
ened first-reduction gears of Proposal ‘B” has been 
reduced, compared with that used for the softer gears 
of Proposal “A” which is in line with conventional 
practice. There are two reasons for this, the first 
being to reduce the bending deflection on these highly 
loaded pinions, and the second is to enable journal 
bearings to be provided having a length-to-diameter 
ratio of less than one and a specific loading under 
300 p.s.i. 

In Proposal “C” the face-to-diameter ratio for the 
H.P. first-reduction pinion is relatively high, but in 
this dual-tandem arrangement this pinion has been 
located with its axis in the same plane as that of its 
mating wheels, and under these circumstances there 
is no bending moment applied to the pinion. The 
pinion is, however, subject to distortion due to twist- 
ing and over the length of the forward helix the cal- 
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culated displacement at the pitch circle is of the 
order of 0.005 in. The barrelling cam provided on 
pinion grinders in common use in this country is so 
simple that in practice any hardened pinions would 
be given a small amount of correction where the 
total calculated deflection was greater than about 
0.003 in. 


LOCATION OF PRIMARY TRAIN 


Until recently it has been the practice to fit a 
sliding coupling between the quill shaft and the 
second-reduction pinion so that it was necessary to 
provide a thrust bearing on the first-reduction wheel 
for axial location. The latest practice recommended 
by Pametrada for tandem-articulated gear trains is 
for the quill shaft assembly to be solidly bolted both 
to the first-reduction wheel shaft and the second- 
reduction pinion. If double-helical gearing is used the 
whole train of gears is then located by the main 
thrust block and no other thrust bearings are re- 
quired (Figure 3). With dual-tandem drive, how- 
ever, there may be a requirement for one first-reduc- 
tion wheel to move in relation to the other and it is 
therefore proposed that in each dual train one first- 
reduction wheel should be located by a solid bolted 
coupling as indicated above. The other wheel would 
be bolted to its quill shaft but a sliding coupling 
would be fitted between the quill shaft and the 
second-reduction pinion. This is indicated in Figure 
4. In fact this sliding coupling may not be absolutely 
necessary for operational reasons but its use will 
aid manufacture by obviating the requirements for 
very precise control of the axial spacing of the helix 
apices for each first-reduction wheel and the second- . 
reduction pinion assembly. 


EVALUATION OF DESIGNS 


All three proposals have main wheels of sub- 
stantially the same diameter. Around 165 in. p.c.d. 
has been selected as the largest readily obtainable 
at the present time. It could be argued that a larger 
main wheel in Proposal “A” would give it a more 
balanced appearance and that a small main wheel 
could have been used for Proposal “C”. There are 
objections to both these proposals, however, as will 
be seen later, and on the whole it was felt that to 
maintain the main wheel at the same diameter 
throughout rather assisted comparisons. 

Before considering the merits of these designs 
individually it is essential to have in mind an idea 
of the weight and cost of each proposal. The esti- 
mated weights and relative prices of the three pro- 
posals are as follows: — 

Proposal 


Weight Price | Index 


102 tons 100 
= 95.1 tons 98 
71.7 tons 98.5 


Allowance for errors in estimating might well de- 
prive the price differentials from having any partic- 
ular significance in themselves. The potential merits 
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Figure 3. Single articulated train (proposal “A”) with large and heavy primary gearwheels and secondary pinions, solid- 
coupled secondary shafts and all gears located by separate main thrust. 


Figure 4. Dual tandem-articulated train (proposal “C”), small h.p. primary pinion in same cross axis as gears, relieving it 
of bending deflection. Also shown is the alternative sliding coupling for the secondary shaft. 


of hardened and ground gearing have long been 
recognized but in the past it has been the practice to 
weigh these against a belief that there would be a 
cost penalty, but production has now been developed 
to the stage when designs incorporating hardened 
and ground gear elements can be put forward for 
consideration on their merits alone. 


PROPOSAL 


This may be described as a development of the 
design which has become standard in tanker practice, 
and the general arangement is indicated in Figure 3. 
The materials chosen, namely, En.26 and En.9 have 
not been so widely used as En.25/En.8, but their 
higher carbon content can be expected to give 
superior wear resistance. The tooth loadings are, 
nevertheless, very high, and for the second-reduc- 
tion gears would necessitate the adoption of a pitch 


of 0.9 in. which is larger than has previously been 
used with complete success. Apart from the very 
high tooth loading resulting from the use of a K 
factor of 90 with pinions of 24% in. p.c.d. these very 
large and heavy pinions are most undesirable from 
the production standpoint because their mass makes 
them difficult to set and control on the hobbing ma- 
chine. With this in mind the author some years ago 
adopted an arbitrary rule that the limiting size for 
pinions should be 24 in. p.c.d. by 48 in. working face 
and it is still felt that larger pinions are not to be 
recommended. 

Turning now to the first-reduction units the pitch 
line speed at 303 ft./sec. is exceptionally high and at 
95% in. diameter the wheels are exceptionally large 
and give the design an unbalanced appearance. Only 
the use of a higher K factor can reduce both these 
figures, but for the materials specified this cannot 
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be recommended. To sum up, gearing of this design 
could be made and would probably operate satisfac- 
torily, but its capacity for development for higher 
torques must be very limited indeed. The torque 
figure for the output shaft is 15.3><10° lb. in. and at 
around this figure, or, in the author’s view a little 
sooner, a change should be made in design concep- 
tion. 


PROPOSAL “B” 


The major objections to Proposal “A” lie in the 
size and loading of the second-reduction pinions and 
the size and high pitch line speed of the first-reduc- 
tion gears. Proposal “B” retains the same second- 
reduction gear elements as Proposal “A” but hard- 
ened and ground first-reduction units have been 
substituted to some advantage including a reduc- 
tion in weight of 6.9 tons and a modest reduction in 
cost. The pitch line speed of the first-reduction gears 
has been reduced to a conservative 234 ft. per sec. 
and the design gives a better balanced appearance. 
The wheels at 74 in. p.c.d. are still fairly large but 
hardening them by induction heating would not 
present any significant problems. This proposal must 
be considered superior to Proposal “A,” but the 
second-reduction units limit its acceptability for this 
torque and in this respect its capacity for develop- 
ment is very limited also. 


66,99 


PROPOSAL C 


This proposal is designed to allow the use of sec- 
ond-reduction pinions well inside acceptable limits 
and carrying tooth loadings which experience would 
suggest are conservative. This is achieved by using 
a dual-tandem arrangement, the first-reduction gears 
being hardened and ground. The cost is estimated as 
between that of Proposal “A” and Proposal “B” but 
this is hardly as significant as a saving in weight of 
30.3 tons compared with Proposal “A.” The general 
arrangement is indicated in Figure 4. The HP. first- 
reduction pinion is located with its axis in the same 
plane as those of its mating wheels and thus has no 
bending deflection, under which circumstances a 
tooth loading of 1,442 lb./in. of face width giving a 
K factor of 250 seems reasonable enough. The L.P. 
pinion is a little offset to increase the L.P. turbine 
height but the face-to-diameter ratio is less than 1.2 
and the K factor only 165. In the author’s view this 
design could be detailed and built to provide a set 
of gears inherently more reliable than those indi- 
cated in the other proposals and, having the added 
advantage of saving in weight, it must stand tech- 
nically well ahead of them. 

Looking forward, there would be no difficulty in 
developing this design up to say 25 10° Ib. in. torque 
or alternatively around 22,000 h.p. from a single 
input shaft if required. It is perhaps worth noting 
also that the hardened gears are within the capacity 
of available nitriding plant and also that only a small 
reduction in H.P. turbine speed is necessary to re- 
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duce the primary wheels to a size which can be 
ground on the pinion grinders of which several are 
available within the marine industry. This, then, is 
the recommended design for the immediate future. 


DUAL-TANDEM GEARING 


Dual-tandem gearing is the type of gearing which 
has been considered orthodox in the U.S. Navy for 
over twenty years and in the Royal Navy for over a 
decade. It has not been widely used in merchant 
ships, however, though examples are found in a num- 
ber of cross channel vessels, the United States and 
quite recently in the Norwegian tanker Rein. At the 
present time, however, there are still many people 
who will not accept dual-tandem drive: but it is 
suggested that this is based more on prejudice than 
knowledge of unsatisfactory performance of gearing 
due to that feature. 


NON-VERNIER PRINCIPLE 


In considering dual-tandem gearing arrangements, 
fears are often expressed that there will be serious 
difficulty if the locked train is disturbed and incor- 
rectly repositioned. In order to safeguard against this 
possibility the gears indicated above have been de- 
signed on what has been designated “the non-vernier 
principle.” It is a well known artifice in dual-tandem 
gear design to arrange the tooth numbers in the first- 
reduction wheel, the second-reduction pinion and the 
quill shaft coupling in such a way that a vernier ef- 
fect is obtained by assembling them in different rela- 
tive positions, and this has often been used as a means 
of setting the two gear trains to take equal torque. In 
practice, however, it has always been found easier 
and more practicable to mark off one set of coupling 
holes under torque and finally ream for the fitted 
bolts also in this condition. The vernier arrange- 
ments are then quite unnecessary and a virtue may 
be made of their elimination. 

In Proposal “C”’, there are 60 teeth in the second- 
reduction pinions and 180 teeth in the first-reduction 
wheels. There would be 60 teeth in the one sliding 
coupling fitted to each dual train, and 15 bolts in 
each flanged coupling. The two keys in the quill 
shaft would be of different widths allowing assembly 
in one position only. Considering the train having a 
sliding coupling, then maldistribution of torque could 
be caused by: 


(a) Lifting the wheel, quill shaft, coupling and pinion as 
one unit and replacing as a unit in a position other 
than the original. 

(b) Dismantling the sliding coupling and reassembling 
with the internal and external teeth in different rela- 
tive positions. 

(c) Removing the bolts from either flanged couplings and 
reassembling with the flanges in different relative 
angular positions. 


The effect on tooth loading resulting from (a) 
would be limited to that due to difference in cumula- 
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tive pitch error between the wheel and pinion. This 
could easily be held to 20 sec. of arc and as the twist 
on the quill shaft at full power is about 54 minutes the 
maximum maldistribution due to this effect would be 
0.6 per cent. If it is assumed that condition (b) applies 
as well then, at most, a further 20 sec. of error would 
be superimposed giving a maximum maldistribution 
of 1.2 per cent, on the assumption that the maximum 
errors are phased to the worst advantage. With re- 
gard to (c), it is possible to devise means of ensuring 
unipositional assembly, but it is probably true to say 
that if the fitted bolts can be replaced with the flanges 
in more than one angular position then the accuracy 
of pitching of the bolt holes must be such as not sig- 
nificantly to affect the torque distribution. 

To sum up, it seems reasonable to say that, if dual- 
tandem gears are made incorporating the non-vernier 
principle, carelessness in their reassembly will not 
lead to disaster attributable to the dual-tandem fea- 
ture, and it is felt that this solution is an important 
step in furthering their general acceptance. 


ARRANGEMENT IN THE SHIP 


In discussions on the possibility of using dual-tan- 
dem gearing it has been said that the saving in weight 
due to adopting this arrangement is more than offset 
by the necessity for building higher seatings in the 
ship because it not possible to arrange the condenser 
underneath the L.P. turbine unless the shaft height is 
raised. This is not the case. In Figure 5 is shown a ship 
arrangement including gearing to Proposal “A” and 
Figure 6 shows the same modified to include gearing 
to Proposal “C.” In these arrangements the tank top 
is shown 6 ft. above the base line and the main line 
shafting 15 ft. above the base line without rake. In 
practice the shaft might well be somewhat higher, 
but certainly it will not be lower. In both arrange- 
ments the position of the forward seating is the same 
as is the position of the gear box output coupling. 
Both condensers are designed for the same duty, 
namely, 28.5 in. vacuum, steam quantity 130,000 Ib./ 
hr., circulating water quantity 18,500 gal, per min. at 
75°F. The condenser surface is 22,500 sq. ft., two- 
pass with 7,720 tubes, %4 in. o.d. by 18 ls.g., the 
length between tube plates being 14 ft. 10 in. The 
dimensions of the tube plate as shown in Figure 6 
have been submitted to the condenser designers 
(independent of the author’s company) and ap- 


Figure 5. Arrangement in ship (Proposal “A”). 


proved by them. The arrangement showing the po- 
sition of the extraction pump has been approved by 
the pump makers. As a matter of incidental inter- 
est, the whole arrangement is very similar to that 
adopted for a group of large passenger vessels which 
have proved entirely satisfactory in service. 

This seems effectively to demonstrate that dual- 
tandem gearing can be adopted without necessarily 
having to lift the line shafting. The fact that the center 
of gravity of the machinery has been lowered is an 
advantage, and while it must be admitted that the 
increased head room available for lifting is of no 
significance in a tanker, in a passenger vessel it can 
be a very important factor. 


(a) High tensile alloy steels 

At first sight it would appear that the initial de- 
velopment towards more highly loaded gears would 
be through pinions and wheels having higher tensile 
strengths than those specified in Proposal “A.” In 
practice, however, all experience has shown high 
tensile steels in combination to be disappointing, and 
it is considered that, at the present time, there is no 
combination available superior to En.26/En.9. 


(b) Case-hardened pinions with alloy steel wheels 


A solution to the wear problem was found by 
substituting for the En.28 pinions replacements made 
in En.39 case-hardened and ground. This enabled the 
last gear set of the same dimensional design to oper- 
ate very successfully, and as a result of that experi- 
ence it was suggested that K factors as high as 150 
would be acceptable for this type of combination. 
The possibility of using this combination in the first- 
reduction gears has been considered, but it has been 
strongly felt that the combination of two surface- 
hardened gears operating at a K factor of 250 to 275, 
was a far safer proposition, than operating the case- 
hardened pinion against an alloy steel wheel at a K 
factor of 150 and as there was no difficulty in making 
induction-hardened and ground wheels this was na- 
turally preferred. Whether, in truth, a K factor as 
high as 150 is acceptable on any alloy steel even 
though mated with a hardened and ground pinion 
is debatable, particularly if the wheel is large and has 
to be air-hardened. If the gears are made to operate 
at a K factor very much below this figure they be- 
come economically unattractive due to the fact that 


Figure 6. Arrangement in ship (Proposal “C”). The turbine 
center lines are some 4 ft. lower without alteration of shaft 
height or condenser performance. 
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HIGH-TORQUE GEARING 


“M. E. & N. A.” 


alloy steels are likely to cost around 30 per cent 
more than plain carbon steels. 

This latter point is important in relation to the 
possibility of using this type of combination for the 
second-reduction gearing, but in addition, to replace 
the second-reduction pinions of Proposals “A” or “B” 
by hardened ones would require two helices each 
about 20 in. diameter by 20 in. face width to give a 
K factor around 130 and a one-piece pinion of this 
size cannot be ground on the machines commonly 
in use in this country. 


(c) Hardened main wheels 


There is not at present available in this country 
equipment suitable for hardening main wheels in the 
10 to 12 ft. range that would be required for this sort 
of application. There is no fundamental difficulty in 
developing induction-hardening equipment for this 
duty, and such gears could be ground subject to 
using either a single-helical gear or alternatively a 
larger gap than is desirable. 


(d) Nitrided gears 


Nitriding equipment is available in this country 
up to a capacity of about 40 in. At the present time 
a few tests on a 36 in. diameter wheel have been com- 
pleted and the initial test results are very promising 
indeed. Subject to further test results being satisfac- 
tory it is possible that the nitriding process could 
be substituted for induction hardening, or case hard- 
ening as applicable. 


(e) Conventional materials (En.26/En.9) with dual 
tandem drive 


A proposal incorporating the above would provide 
a solution to the specific problem considered here 
which, in the author’s opinion, is superior to Pro- 
posals “A” or “B.” Using the same second-reduction 
units as Proposal “C” and a K factor of 90 for the first- 
reduction gears, the wheel diameters would be about 
55 in. As 60 in. diameter is the largest which can 
conveniently be used in conjunction with a main 
wheel of 165 in. diameter the development possibili- 
ties are limited, and also this proposal would cost 
more than the conventional Proposal “A,” whereas 
Proposal ‘“‘C” costs less. As the inclusion of hardened 
first-reduction gears produces a neater, lighter and 
less costly unit with greater development possibili- 
ties, Proposal “C’ had to be preferred. 


ECONOMIC CONSIDERATIONS 


In the table of relative weights and costs it is indi- 
cated that Proposal “B” is cheaper than Proposal “A” 
because the hardened and ground first-reduction 
gears are less expensive than the hobbed and shaved 
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first-reduction gears of Proposal “A.” Hardening and 
grinding costs more than shaving, and it would be 
misleading not to make it clear that the reason for 
the decrease in total cost is that the tooth loadings 
have been selected at a value high enough to ensure 
that the saving in weight and the corresponding sav- 
ing in material costs is sufficient to offset the extra 
cost of hardening and grinding. It follows that if 
hardened and ground gearing is proposed with only 
a nominal increase in loading the weight saving 
would be less and the hardened and ground gears 
would be more expensive than their hobbed and 
shaved counterparts. 

Also it should be pointed out that the relative 
prices stated apply in this instance to gearing in 
which the pinions are carburized, quench-hardened, 
and ground while the wheels are induction-hardened 
and ground. For the relatively small pinions referred 
to there is little difference in cost attributable to 
hardening method; but the cost for case-hardened 
and ground wheels would be higher than for wheels 
hardened by induction heating prior to grinding. It 
would not be practicable to make the 74 in. wheels 
of Proposal “B” each with its two separate rims ex- 
cept by using induction hardening or nitriding 
which, it is expected should be competitive against 
induction hardening. 

In all the previous discussion no account has been 
taken of the value of the saving in weight to the ship- 
owner. The precise importance of this factor varies 
with applications but in the case of a tanker it can be 
argued that for a given hull form a saving of 30 tons 
in weight, as indicated by Proposal “C” over Pro- 
posal “A” is 30 tons extra deadweight capacity avail- 
able to the owner, and similar considerations apply 
to cargo vessels. If deadweight capacity is reckoned 
to be worth 30s. per month per ton than 30 tons 
weight saved is worth £540 p.a. as extra earning 
capacity. Adapting the seven-year rule proposed by 
Bonny,* the cash equivalent of 30 tons saved might 
be £3,780. 

For the very high torques, which are the subject 
of this paper, a twin-turbine arrangement using dual- 
tandem gearing having hardened first-reduction 
units is particularly attractive, showing a consider- 
able saving in weight and having factors of safety 
believed to be not less than those effective in con- 
ventional gearing. It is proposed at this stage to 
harden only relatively small gears in which field 
production has been developed to the point where 
hardened gears conservatively loaded in relation to 
full scale test experience, have become commercially 
attractive. If dual-drive and hardened first-reduction 
units are accepted, requirements for up to 25x10° 


Ib. in. torque can readily be met. 


*Bonny, A. D., “Modern Marine Steam-Turbine Feed Systems.” 
N.E.C. Inst. Trans., 1957. 
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GAS TURBINES—DEMONSTRATED ABILITY 


THE AUTHOR 


is Head Engineer, Gas Turbines Branch of the Bureau of Ships. He holds 
degrees: BSEE electrical and BME in mechanical engineering, is a regis- 
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other engineering fields. Saw active service in the U.S. Navy, as a Lieutenant 
Commander until 1949. He has served as: chairman of Washington Section 
of ASME; president of Association of Senior Engineers; general chairman of 
National Gas Turbine Power Conference 1956; alternate chairman Marine 
Committee of Gas Turbine Power Division ASME; member of Council of 
American Society of Naval Engineers; member Navy Board of Civil Service 
Examiners; Now serving: member of Executive Committee of Gas Turbine 
Power Division ASME 1957-1962; vice chairman of Marine Committee Gas 
Turbine Power Division; Chairman Program GTPD 1957-58; and member 
General Technical Committee GTPD. In addition to membership in the Amer- 
ican Society of Naval Engineers he is a member of the American Society of 
Mechanical Engineers; Association of Senior Engineers; and the Society of 
Naval Architects and Marine Engineers. He has written a number of papers 
relating to gas turbines and other subjects in field of marine engineering. 


| in gas turbines during the past ten 
years have brought this prime mover into positions 
that make it most attractive. The improvements in- 
clude advances in design, metallurgy, manufactur- 
ing techniques, and materials. They have made many 
advanced thermodynamic concepts practical. These 
have resulted from combined research-development- 
operation experiences. 

During the past several years numerous papers 
have been presented on the operational experiences 
of users of gas turbines. The field uses have definite- 
ly demonstrated the exceptional capabilities of the 
gas turbine in many areas. In the following pages 
some of the pertinent information relating to the 
gas turbine and its established records is summar- 
ized. It is hoped these data will be of interest and 


value to those who are concerned with the selection, 
installation, operation and maintenance of gas tur- 
bine engines. 


RANGE OF APPLICATION 


The mere fact that the gas turbine is now being 
applied in increasing numbers in a variety of fields 
is evidence of its proven and accepted advantages. 
It is not being applied just to gain experience with a 
new machine. Selection of the gas turbine today is 
due to its ability to do a better job than any other 
prime mover. The economy of the engine must be 
based on overall requirements for the application 
under consideration. There are many factors that 
must be considered in the ultimate selection. These 
include: first cost, fuel type and rate, cooling water 
needs, overhaul interval, efficiency, life require- 
ments, ease of maintenance, depreciation, number of 
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operating personnel, specific weights, space require- 
ments, operating conditions, low maintenance cost, 
ease of control, cold starting ability, environment, 
reliability and utilization. 


The following fields are representative of the range 
of application: 


a. Aviation 
1. Turboprop 
2. Turbojet 
3. Auxiliary power supply 
4. Propulsion engine starters 


b. Industrial 

. Propulsion, locomotive 

. Power generation, central station 
Steel, compressor for blast furnaces 
. Chemical process 

Pump drives 

Oil field generator 

. Gas line pumping 

. Road vehicles 

. Off-road equipment 

arine 

. Propulsion 

. Generator, electrical 

. Pump drive 

. Air supply 

. Starter for gas turbines 

. Fog generator 


INITIAL COST 


This is certainly one factor that gets an early study 
in selecting an engine. Gas turbine prices were, ten 
years ago, high as compared to other plants. That 
was in the early stages of development, manufacture 
and operating experience. The initial costs have 
steadily decreased. When produced in relatively 
large lots the cost should be equal to or less than the 
reciprocating internal combustion engine or steam 
turbine-boiler plant. 


A prime mover for a 6200 KW mobile power plant 
was studied. The following relative cost for the com- 
plete plant was determined (1): 


Prime Cost of Complete 
Mover Plant—Percent 


From these cost comparisons the gas turbine plant 
was selected in preference to either diesel or steam 
turbine. 

Marine power plants utilizing high horsepower 
gas turbines for propulsion have not been produced 
in quantities. Therefore it is not feasible to quote 
engine costs based on extensive procurements. 

However, numerous studies have been conducted 
which show the gas turbine to be highly competitive. 
It has been reported (2) that gas turbine machinery 
cost will not exceed 1.16 that of heavy oil machinery, 
with steam turbine at 1.09. It is believed that costs 
should be materially reduced by new and improved 
manufacturing methods and materials. A second 
study (3) indicates that the installed cost of a marine 
gas turbine plant will be less than a steam turbine 
plant in sizes generally used in merchant ships. 

The installed cost of an unattended, remote con- 
trolled pumping unit, located in a desert, including 
5000 HP gas turbines with all controls and portable 
shop installations is actually one-sixth that of a typi- 
cal diesel station with its vast array of supporting 
facilities and personnel (4). 

A recent comparison of available gas turbines, 
gasoline and diesel engines shows the initial cost 
of these prime movers on a dollar per horsepower 
basis (5). This comparison, which is reproduced with 
the special permission of Business Week, is as fol- 
lows: 


GAS TURBINES 


Fuel 
consumption 


Manufacturer 


AiResearch Mfg. Co 
Boeing 

General Electric 
Clark Bros 
Continental 
Lycoming 


Chrysler Marine V-8 
(Gasoline) 

Aircraft Type 
(Gasoline) 


Hp. 


225 
30-1000 
240 
800 
1220 
160 (Air hp.) 
700 
500 
1000 


THEIR CHIEF RIVALS 
225 


Cost /hp. per hp. hour 


$18,000-$25,000* 
$62.5 


$80-$110 
$30 
$100 
$50 


*Total Price 


$11.10 


$16-$30 


55 
65 
.7-1.0 
69 
91 


15 
95 
65 
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MAINTENANCE COSTS 


The cost of maintaining an engine is an important 
point for consideration. If this cost is high, a par- 
ticular machine may not be suitable for a given ap- 
plication. A number of gas turbine maintenance cost 
examples will be presented. Some of these will be 
compared with the maintenance cost of other prime 
movers. 

The Shell Company’s experience with reciprocat- 
ing engines and gas turbines, all for generation of 
electrical power for oil fields in Venezuela, has pro- 
vided some interesting information (6). A central 
power station had the following engines installed for 
power generation: 


a. 6 dual-fuel internal combustion reciprocating engines, 
each 500 KW 

b. 2 internal combusion reciprocating engines, each 950 KW 

c. 1 gas turbine, (Metropolitan Vickers) 1750 KW 

d. 1 gas turbine, (Gasturbine Maat, N.V.) 2000 KW 

e. 2 gas turbines, (General Electric) 5000 KW 


It is of interest to note that the maintenance cost 
of the piston engine is about 14 percent greater than 
those of the 5000 KW gas turbines. Operating costs 
for the piston engine are approximately 94 percent 
greater than those of the 5000 KW gas turbines. A 
comparison of the total operating and maintenance 
costs indicates that the reciprocating engines cost 
about 91 percent more than the gas turbines. A 
tabulation of the comparative cost on a KW-hr basis 
is as follows: 


Cost-Pence/KW-hr 
Onveration and 


Engine Operation Maintenance Maintenance 
Gas: 0.196 0.142 0.338 
Piston Engine ........... 0.381 0.262 0.643 


Maintenance cost figures on several types of prime 
movers have been released. These show actual main- 
tenance cost per KW-hr as follows (7): 


Cost 
U.S. cents/KW-hr 


Engine 

a. 1200 HP gas turbine on Auris ...........5065. 0.06 
b. Brown-Boveri gas turbine 

(based on 100,000 hour service) ............-- 0.023 
c. Diesels (British Diesel Engine 

d. Steam turbines (without boilers— 

British Electricity Authority) ................ 0.049 


The experience on mountain runs of the Union 
Pacific Railroad with gas turbines, diesels and steam 
engines is illustrated by the following tabulation (8): 


September 1954 


Expense Cosis in cents /1000 gross ton mile 
Item Steam Diesel Gas Turbine 

Engine house ......... 14.89 3.66 2.24 
Lubricate 1.47 1.40 AT 
Other supplies ......... 5.65 16 04 
18.28 18.79 14.22 


69.19 


Overhaul costs, on the Dart turboprop engines 
operated by Capital Airlines are $3.51 per engine 
flight hour (9). These engines had accumulated some 
300,220 flight hours prior to December 1957. At that 
time the engine hours per failure on the Dart 506 
gas turbine were 21,444. Experience with the Dart 
510 indicated some 115,000 engine hours per failure. 
The following relates to overhaul costs, material and 
labor, on these engines: 


a. Hours between overhauls (CAA approved) ...... 1500 
b. Average bare engine overhaul (labor).......... $1150.00 
c. Average bare engine overhaul (man-hours).... 490 
d. Average bare engine overhaul material cost..... $3850.00 
e. Overhaul cost per flight hour .................. $ 351 


Operating experience, over a period of some 34,000 
hours, with a 5400 KW gas turbine at Luxembourg, 
showed a maintenance cost of 0.0695 US Mills/KW- 
hr (10). 

The General Electric 6600-hp gas turbine in the 
John Sergeant during its operation to date, repre- 
senting some two years during which she sailed over 
94,000 nautical miles with 6567 hours operation, has 
shown superiority over a marine diesel prime mover 
due to freedom from maintenance (11). 


AVAILABILITY 
The intensive development and rapidly expanding 
use of the gas turbine account for its enviable record 
of availability. The factor of availability has been 
defined as follows (12): 


Installed hours— (Forced outage plus 
Maintenance) hr. x 100 


Installed hours 


Two 5000 KW gas turbine sets providing electrical 
power for oil fields at La Concepcion, Venezuela 
have achieved extremely good availability factors 
(6). One plant with a total running time of 9,564 
hours, as of April 1957, had an availability of 89.4 
percent. A second unit in the same service with some 
13,408 hours running time, as of April 1957, showed 
an availability of 95.2 percent. 

A 5400 KW gas turbine plant, normally operating 
on blast furnace gas but with provisions for use of 
liquid fuel, had a total running time, as of June 
1956, of 33,362 hours. During this time the avail- 
ability factor was greater than 86 percent (10). 

In one power generating gas turbine set with 
over 27,000 hours operation the availability has been 
89.4 percent (13). 

An analysis of a number of base load gas turbines, 
with use factors greater than 96 percent, revealed 
that the average availability was 98.17 percent. These 
units had operated a total of 68,890 hours (12). 

A gas turbine for emergency power supply, 300 
KW generator, on the USS Gyatt has maintained an 
availability of practically 100 percent during the 
period of March 1957 to April 1958. In this time the 
set was down for a very short time due to one failure 
to start, caused by a low battery, and one engine 
shutdown. A total of 135 successful starts were made. 


Availability factor= 
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Maintenance time on this set has been very minor. 
Based on the above definition this emergency set has 
had approximately 100 percent availability. 


OVERHAUL INTERVAL 

The hours of operation between overhauls of gas 
turbines vary over an exceptionally wide range. 
These overhaul intervals depend on many factors 
including: type of service, utilization, reliability, 
availability, fuel, materials and design. The term 
“overhaul interval” is preferred to the one “overhaul 
life” because the latter suggests that at the end of a 
given period the engine is, for all practical use, to be 
torn down and have all parts replaced. This is not 
true by any means. An overhaul on a 500 HP marine 
gas turbine indicates an overhaul cost of 5 to 10 
percent of initial engine cost as compared to recipro- 
cating engine overhaul cost of 30 to 40 percent of new 
engine cost (14). 

A tabulation of gas turbines suitable for marine 
use listing some 63 engines by eighteen manufac- 
turers shows overhaul intervals from 300 to 100,000 
hours. These turbines range from 50 to 30,400 horse- 
power (15). 

It is not unusual for the large industrial type gas 
turbines to operate many thousands of hours with- 
out inspection, let alone overhaul. For examples, the 
following operating experience is cited: 


a. 5000 KW Brown-Boveri gas turbine at Dharan ran for 
12,168 hours prior to inspection (10). 

b. 5000 KW Brown-Boveri gas turbine used by Arabian Oil 
Company operated over 15,000 hours prior to inspec- 
tion (10). 

. 6600 HP General Electric gas turbine propulsion plant on 
GTV John Sergeant operated 6,567 hours and 94,000 
nautical miles without any maintenance (11). 

. 5000 KW General Electric gas turbine in service with 
Oklahoma Gas and Electric Company was given an 
inspection after almost 30,000 hours of operation (16). 


Small gas turbines in the 50 to 1000 HP range are 
on relatively long overhaul intervals. Turbines in 
marine service have shown remarkably long operat- 
ing periods. Some engines in this class have experi- 
ence as follows: 


a. 500 HP Solar propulsion turbine operated some 800 hours 
at sea, driving a 40 ft. boat over 16,000 miles at speeds 
in excess of 25 knots. Most operation was at 97 percent 
of rated speed. Engine starts totaled 1225. No overhaul 
has been required up to April 1958 (17). 

. 160 HP Boeing generator drive engines have a 500 hour 
overhaul, Some 184 engines are in use by the U.S. Navy 
(18). One engine has operated on laboratory test for 
2,500 hours without overhaul. Some minor parts were re- 
placed during this test (19). 


Aircraft experience with propulsion gas turbines 
has been very good. Engine overhaul interval is 
steadily increasing. Commercial airline service has 
shown that maintenance cost for reciprocating eng- 
ines per engine flight hour is more than 200 percent 
of the maintenance cost of gas turbines. Data pre- 
sented on the Dart gas turbine, powering Capital 
Airline Viscounts, shows time between overhauls of 
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1,500 hours, prior to December 1957 (9). It is under- 
stood that other gas turbines in commercial service 
also have long overhaul intervals. The time between 
overhauls on these engines is steadily increasing. 

The Bristol Proteus 705 aircraft engine had an 
overhaul interval of 500 hours when it was first placed 
in passenger service. In less than two years this over- 
haul interval had been increased to 2000 hours (21). 


RELIABILITY 
Dependability of a prime mover is of paramount 
importance. The user must know whether a machine 
will have a satisfactory reliability factor prior to its 
selection. The factor of reliability has been defined 
as (12): 


Reliability factor= 
(Installed hours—Forced outage hours)x100 
Installed hours 

The gas turbine has well demonstrated its reli- 
ability in aviation, industrial, transportation and 
marine fields. The base load machines have reliabil- 
ity such that they have been accepted by public 
utilities for power generation. 

A 5000 KW gas turbine driven generator supply- 
ing power at an oil field location (6) has been in- 
stalled for about 24,000 hours. During this period 
the forced outage was 10 hours. The reliability of 
this unit has exceeded 99.9 percent. At the same 
location a second gas turbine has been installed for 
some 21,600 hours. This unit has experienced a 
forced outage of 20 hours and has a reliability of at 
least 99.9 percent. 

In a gas turbine generator set supplying electric 
power for a utility company the unit has been down 
for 34 hours due to forced outages. The installed 
time for this engine was 31,542 hours. This gives a 
reliability factor of 99.85 percent (13). 


UTILIZATION LEVEL 

The extent to which a gas turbine is in actual 
use varies with the demand. In emergency type duty 
the ratio of hours fired to the hours installed, defined 
as the “use factor” (12), can be extremely low. A 
unit that is in operation twelve hours out of each 
day installed would develop a use factor of 50 per- 
cent. 

The gas turbine has met the requirements for 
prime movers throughout the use factor range. It is 
serving for emergency power, transportation includ- 
ing railway, ship and aircraft and also for base load 
plants in utility service. 

It is particularly significant to note that the gas 
turbine has been operating in the very high use 
factor level for a number of years. These turbines 
are of the industrial types. The Union Pacific’s gas 
turbine driven locomotives have a use factor, for 
August 1956, of 58.2, averaged over 25 engines (20). 
The locomotives averaged 432 fired hours. During 
this period the locomotive fleet powered by gas tur- 
bines averaged 12,026 miles each. This was higher 
than any other type engine working in the same 
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area. The gas turbine trains had an average speed of 
34.95 miles per hour. The diesel electric trains had 
a speed of only 28.95 miles per hour. 

A 5400 KW gas turbine at the Dudelange steel- 
works in Luxembourg serves for generation of elec- 
tric power and also can supply bleed air for blast 
furnaces. This set had, as of June 30, 1956 operated 
33,362 hours with a plant utilization factor of about 
75 percent (10). 


Three base load machines have been reported with 
a use factor of 96.32 percent average (12). The total 
fired time for these three machines was 68,890 hours 
with a total of 71,550 installed hours. These machines 
have had an availability in excess of 98 percent with 
a reliability of 99.34 percent. This is certainly ample 
proof of the ability of the industrial type gas turbine 
to maintain extremely high availability and reliabil- 
ity in machines with use factors in excess of 96 
percent. 


A 5000 KW gas turbine set operating in the Per- 
tigalete Cement Works, Venezuela operated a total 
of 16,088 hours out of a possible 16,128 hours. This 
unit has a utilization factor of 99.75 percent. The 
time for turbine inspection is included in this fac- 
tor (10). 


OPERATING PERSONNEL 


Reduction of operating personnel is an attractive 
means of lowering operating costs. In a number of 
applications the gas turbine prime mover has dem- 
onstrated its advantage in this respect over recipro- 
cating combustion engines and steam turbines. 

Industrial use of gas turbines in rail service amply 
illustrates the fact that generally fewer personnel 
are required to operate the gas turbine plant. The 
Union Pacific (8) found its cost in cents/1000 gross 
ton mile for enginemen was 14.22 with gas turbine 
and 18.79 for diesel driven locomotives. This shows 
that approximately 25 percent less personnel are 
required for the gas turbine powered locomotive. 

In the marine field the reduction in size of engine 
operating crews by use of the gas turbine is equally 
attractive. The U.S. Maritime Administration con- 
verted four Liberty ships from their original pro- 
pulsion plants which were reciprocating steam eng- 
ines. These ships with engine room personnel are 
shown in the following tabulation: 


Propulsion Number Engine Relative Size 
Ship Plant Personnel Engine Crew 
John Sergeant Gas Turbine 12 1.00 
Thomas Nelson Diesel 14 1.16 
Benjamin Chew Steam Turbine 16 1.33 
William Patterson Free Piston/Gas 12 1.00 
Turbine 


The above ships are operated by commercial com- 
panies. The engine room crew for the diesel ship is 
16 percent greater than for the gas turbine, while the 
steam turbine engine room crew is 33 percent greater 
than that of the gas turbine ship. This is a most 


significant factor “when one considers that the re- 
duction of one man per watch can result in a saving 
in operating cost comparable to an improvement of 
about 10 percent (in overall plant efficiency) on a 
cargo vessel with a propulsion plant rated at 20,000 
HP (based on 5,000 operating hours per year under- 
way and fuel costing $2.70 per barrel)” (3). 


Dependability, simplicity and requirement for a 
relatively small number of supporting auxiliaries and 
services are the main reasons for the small number 
of operating personnel needed for a gas turbine in- 
stallation. Gas turbines are ideally suited for opera- 
tion by remote control. This is true of industrial as 
well as marine type installations. An outstanding 
illustration of remote control operation is the new 
pumping plant of the Trans-Arabian Pipe Line Com- 
pany (4). This station consists of six pumping units 
driven by 5000 HP gas turbines. These turbines are 
fueled with crude oil taken directly from the pipe- 
line. They are required to operate throughout a 
temperature range of 30-120°F. The radio control 
positions are 50 to 100 miles away from the turbines. 
Operation from the remote station is so simple that 
it even includes the addition of an aqueous solution 
of magnesium sulphate to the turbine fuel, which 
contains about 10 ppm of vanadium, to minimize 
turbine blade corrosion. 


CONCLUSION 


The gas turbine has proved its merit. Aviation, 
both civil and military, is rapidly converting to tur- 
bojet and turboprop engined craft. Oil field trans- 
portation and utility uses are increasing. The auto- 
motive field offers a vast range of application with 
improvements being made in the gas turbine 
efficiencies. Many experts feel that this prime mover 
will, in a matter of a relatively few years, be the 
automotive engine. 

With the proven reliability, availability, low main- 
tenance, high power weight ratio, low installation 
costs and many other advantages the gas turbine 
will certainly see a greatly accelerated rate of ap- 
plication in all fields. 
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Mr. Sawyer has contributed generously and authoritatively to the gas turbine 
literature over the past six years. His treatments given from year to year have 
paralleled the development of the gas turbine from an engineering novelty to 
its present status as a useful, economical and reliable power source. 

In past years Sawyer felt that one of his aims was to search out especially 
suitable gas turbine applications and demonstrate carefully the details of this 
suitability. It is significant now to notice Sawyer’s present thesis that gas turbines 
in a host of places, from small powers to large have overtaken piston and steam 
power sources from many standpoints including first cost, maintenance, opera- 
tion, reliability and use rates. And the end is not in sight. 

In fact. the gas turbine is at the starting end of its growth curve, a curve that 
must surely show over the next decade great strides in all the departments 
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pointed out by Sawyer in this paper. 
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INTRODUCTION 


O N the banks of the storied St. Lawrence River, 
President Eisenhower, Her Majesty Queen Eliza- 
beth II, an array of dignitaries, and citizens of sever- 
al nations will assemble next month* for the official 
dedication of one of the world’s most significant 
waterway projects. 

After 35 years of regional struggle and congres- 
sional debate, the Seaway was finally authorized by 
the United States Congress in May, 1954. President 
Eisenhower signed the bill immediately, and within 
a few weeks one of the greatest engineering tasks in 
the history of the world was under way. It took only 
414 years—from late 1954 until early 1959—for the 
engineering genius of Canada and the United States 
to bring into being the second largest power project 
in the world and a new waterway which will make 
the Great Lakes into “The Eighth Sea” or “The New 
Mediterranean.” 

When opened to deep-draft ships the St. Lawrence 
Seaway will consist of a 2,400 mile waterway system 
extending from the Atlantic Ocean through the St. 
Lawrence River and the Great Lakes to the head- 
waters of the Lakes. Although a joint project was 
contemplated for many years, the legislation finally 
enacted by Canada and the United States made a 
simple and logical division of the work, with each 
country building the structures and improving the 
channels within its own territory. 

‘Written in May, 1959 


The American share of the work consisted of 
dredging deep channels in the 68 miles of the Thou- 
sand Islands section of the river and of constructing 
two great locks and auxiliary facilities in the Inter- 
national Rapids section near Massena, New York. 

Under authorization by Parliament, Canada con- 
structed four locks in her territorial waters between 
Montreal and Cornwall, Ontario. The Canadian con- 
struction is in the Lachine, Soulanges, and Beau- 
harnois sections of the St. Lawrence, with locks and 
canals to by-pass the turbulent waters of several 
great rapids. Canada also has built a fifth lock and 
canal at Iroquois, Ontario, west of the American 
locks. She will also deepen the approaches to the 
Weiland Canal, the great ship canal which takes 
shipping around Niagara Falls and circumvents the 
326-foot difference in elevation between Lakes Erie 
and Ontario. 

Two other significant navigation developments are 
under way, under United States direction as a sep- 
arate but related project. The U. S. Corps of Engi- 
neers is deepening the connecting channels of the 
Great Lakes from the present 21 and 25-foot depths 
to the new project depth of 27 feet. 

Obviously a new 27-foot system of navigation 
through the St. Lawrence River and the Detroit 
River and throughout the Great Lakes region would 
be frustrated unless ships loaded to that draft could 
find terminal ports capable of receiving them and 
handling their cargoes. In a third important pro- 
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gram, the Congress has authorized the Corps of En- 
gineers to survey the economic needs of the various 
lake ports with respect to the new era of deep-draft 
lake and ocean shipping, and these studies are well 
advanced. The timetables are: St. Lawrence Seaway 
completion and opening this spring, completion of 
the Great Lakes connecting channels improvements 
by 1963; and progress on the deepening of lake har- 
bors as rapidly as Congressional budget action is 
taken and the necessary contracts can be executed. 


“The New Look” on the Great Lakes embraces not 
only the tremendous engineering works involved in 
the Seaway project and the building of an enormous 
hydroelectric structure, but the engineering marvel 
of the new Straits of Mackinac Bridge and a multi- 
million dollar program of new port structures in the 
lake ports which expect to be the principal terminals 
for the many new ocean lines now in operation or 
projected for the Great Lakes. The largest Great 
Lakes bulk freighters will be able to move freely be- 
tween lake ports and tidewater. An estimated 80 per 
cent of the world shipping fleet will find the Great 
Lakes accessible as a new world trade route. The 
small! ocean ships and small “Canalers” which now 
link the Great Lakes and Montreal may linger 
briefly, but the inexorable facts of transportation 
will no doubt see them quickly replaced by fast, 
deep, large-capacity ships. One example of the at- 
traction of the new project to shipping will be that 
an estimated two days—perhaps more—will be 
chopped off transit time between Montreal and the 
Great Lakes, with wide and deep canal sections re- 
placing present shoestring canals and with seven tre- 
mendous locks replacing 21 obsolete small locks into 
which ships must be almost literally shoehorned, at 
great cost in time and frustration to vessel masters. 


THE SEAWAY AND NATIONAL DEFENSE 


The military potentialities and the national de- 
fense aspects of the Seaway have been a major con- 
sideration in the prolonged national debate on the 
project and in international discussion of it. For ex- 
ample, during the defense mobilization, preceding 
World War II, President Roosevelt sent several spe- 
cial messages to the Congress urging immediate con- 
struction of the Seaway to add to the national arsenal 
for defense. On October 17, 1940, President Roose- 
velt said, “The development . . . of the Seaway 
should be undertaken at the earliest possible . . . to 
meet the continuing power requirements of the de- 
fense program in essential centers of war material 
production. The potential power at this site is best 
adapted to meet the requirements of expansion in 
certain essential defense industries including alum- 
inuin, magnesium, ferro-alloys, chemicals, etc. The 
project may be considered as an essential part of the 
program of continental defense.” 


In a special message in June, 1941, President 
Roosevelt said “I recommend construction of the St. 


Lawrence Seaway and Power Project as an integral 
part of the joint defense of the North American con- 
tinent . . . your action will either make available or 
withhold 2,200,000 horsepower of low-cost electric 
power for the joint defense of North America. Your 
action .. . will either open or keep bottled up one of 
the greatest transportation resources ever offered to 
people .... Our defense production is a gigantic as- 
sembly line; transportation is its conveyor belt. The 
Seaway ... will provide a great highway to and from 
important defense production areas. It will cut by 
more than a thousand miles the stretch of dangerous 
open water which must be traveled by supplies to 
Great Britain and Strategic North Atlantic bases. 
It will increase our capacity to build ships . . . The 
St. Lawrence Project must be expedited. No com- 
parable power, shipbuilding and transportation facil- 
ities can be made available. . . . I know of no single 
project of this nature more important to this coun- 
try's future in peace or war.” 

When he became president, Harry S. Truman 
similarly urged the building of the Seaway both for 
national expansion and to strengthen the country 
militarily. 

As Chairman of the Joint Chiefs of Staff, and later 
as President, Mr. Eisenhower, with his experienced 
military background, became persuaded of the mili- 
tary merits of the project and its value to the na- 
tional defense. His convictions were buttressed by 
a report of a special cabinet committee which he ap- 
pointed to study the project from both the military 
and economic standpoints. 

In the final historic debate in the United States 
Senate in 1954, borderline votes were favorably in- 
fluenced by a special report by the Joint Chiefs of 
Staff who, just before the final Senate vote on the 
Seaway Bill, advised the Senate that the construc- 
tion of the Seaway with United States participation 
would: 

(1) Afford access of a relatively protected route 
to additional sources of high-grade iron ore, coal, 
lead, zinc, copper, titanium, and manganese; 

(2) Assure joint control . . . as important from 
the national security aspect as the Seaway itself; 

(3) Help in meeting the threat of submarine at- 
tack to exposed overseas shipping routes for essen- 
tial materials; 

(4) Assure the United States the full benefits . . . 
in a shorter, more protected overseas route to the 
British Isles and Europe for transportation of mili- 
tary cargo; 

(5) Afford access to additional shipbuilding and 
repair facilities. 

In view of the foregoing, the Joint Chiefs of Staff 
“consider the joint participation in the construction 
and operation of the St. Lawrence Seaway as neces- 
sary in the interests of national security.” 

The military minds of the United States have al- 
ways been conscious of the relatively sheltered lo- 
cation of the St. Lawrence route, with only 2,200 
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miles of open ocean between the Gulf of St. Law- 
rence and the Channel ports, as compared to 3,300 
miles via the ports of New York, Boston, or Phila- 
delphia. The Gulf of St. Lawrence is much easier to 
protect against submarine attacks than are the open 
waters of the North Atlantic, attested to by the ter- 
rible losses in men, material, and ships suffered by 
North Atlantic convoys during the early years of 
World War II. 

From the military standpoint, the Seaway will also 
open up the extensive shipbuilding resources of the 
Great Lakes area, which were used only to a minor 
degree in the last war. Of seventy million tons of 
naval and merchant shipping built in the United 
States during World War II, only about 2% per cent 
was launched in Great Lakes harbors, because of 
the difficulty of getting ships to sea via the shallow 
draft Illinois-Mississippi route or via the extremely 
limited St. Lawrence route. More than 60 per cent of 
the total material going into the shipbuilding pro- 
gram, however, originated in the Great Lakes area, 
and these millions of tons of material—steel, gears, 
engiies, propellers, auxiliary motors and the like— 
had to be transported by congested overland routes 
to shipbuilding centers on the seaboard. A cheaper 
cost tor large-scale shipbuilding programs is reason- 
ably indicated by the resources of the Great Lakes 
region in terms of steel production, water transporta- 
tion, sheltered harbors, and large reservoirs of man- 
power, backed up by the machine shops of the con- 
tinent which cluster on the shores of the lake region. 
A major report by the National Security Resources 
Board in 1950 strongly supported the building of the 
Seaway to buttress the national defense. 


NATIONAL SECURITY AND IRON ORE 

In modern military technology, steel productive 
capacity and military strength are intimately related. 
Excluding uniforms and food, practically everything 
employed by an army, a navy or an air force involves 
metals of infinite variety; but the military machine 
is basically a machine of steel, with aluminum an im- 
portant secondary metal. The steel productive ca- 
pacity of the United States in World War II gener- 
ated veritable floods of ships, tanks, guns, planes, 
vehicles, and ammunition which literally over- 
whelmed the Axis. Steel pipelines carried the “Big 
Inch” across the United States to pour out a flood of 
petroleum products on the Eastern Seaboard which 
shortened the vulnerable ocean movements to 
Europe; and another steel pipeline powered General 
Patton’s dash across Europe and was vital in the 
final destruction of the German Army. 


In the years of international tension and friction 
since 1945, one of the reassuring factors on our side 
has been that the world predominance of iron and 
steel production was in the hands of the NATO coun- 
tries; and there is now some reason for apprehension 
with the curve of steel production creeping up 
within Russia and Red China. 
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The events of two world wars demonstrated con- 
clusively that industrial capacity is as mighty a 
weapon as armies and navies and that the nation 
which has an industrial plant adequate to supply and 
maintain land, sea, and air forces on a colossal scale 
is the power which must inevitably prevail in the 
military as well as in the economic struggle. 

At the peak of the World War II effort, more than 
a hundred million tons of iron ore was drawn each 
year from the Mesabi Range, America’s prime source. 
Domestic reserves, and especially those of Mesabi, 
were seriously depleted by the staggering volume of 
sceel production required to win World War II. In 
modern times, the Lake Superior region has sup- 
plied about 85 per cent of the total iron ore require- 
ments of the United States. An average of 75 to 80 
per cent of national steel production comes from the 
Great Lakes Basin, reflecting the rich deposits of 
iron ore, coal, and limestone brought together at low 
cost by lake navigation. Starting with these facts, 
good cause for national concern in the matter of iron 
ore supply and steel production is well demonstrated 
by the analysis made by the National Security Re- 
sources Board in 1950, Table I. 

To a large degree, the relationship of the St. Law- 
rence Seaway to national defense steel production 
and iron ore supply is told graphically by this simple 
analysis. With national steel productive capacity pri- 
marily in the Great Lakes Basin and with prime 
Mesabi ore running out, the opening of the St. Law- 
rence Seaway becomes the indispensable vehicle to 
reach the rich ore resources of Eastern Canada and 
of South America, Cuba, Africa, and Sweden, as 
well as for the movement of manganese and other 
vital alloys and non-ferrous minerals of top impor- 
tance to the enormous industrial plant of the Great 
Lakes Basin. 


WATER POWER AND NATIONAL DEFENSE 


Another significant military aspect of the Seaway 
Project is the harnessing of the enormous hydro- 
electric power capacity of the St. Lawrence River in 
the International Rapids section between Massena, 
New York, and Cornwall, Ontario. The spectacular 
but dangerous Long Sault Rapids of the St. Law- 
rence have already disappeared from view as a re- 
sult of the building of the second largest hydroelec- 
tric dam in the world. Built by the Province of On- 
tario and the Power Authority of the State of New 
York, the dam has been named in honor of two fa- 
mous “Bobs,” the late Robert H. Saunders, Chair- 
man of the Hydroelectric Power Commission of 
Ontario (an untimely victim of an airplane crash 
just as his long vision of building the St. Lawrence 
power dam was about to be realized), and the fiery 
Robert Moses, oft-called by the State of New York 
to handle tough assignments. As Chairman of the 
New York State Power Authority, Moses has driven 
the great St. Lawrence Power Project to completion, 
meeting every target date. 

The great new power dam harnesses the 92-foot 
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TaBLE I—Prospective Supply and Demand for Iron Ore Assuming A Normal 
Growth in Capacity and Its Full Utilization 


Unit 1950 


Probable ingot capacity 


Total ore requirements of steel mills and foundries based 
on steel mills operating at 95 per cent of capacity and 


Millions of net tons 


100 


using 50 per cent scrap Millions of gross tons | 113 118 124 131 137 
Probable maximum output of all ore producing regions 
other than Lake Superior Millions of gross tons| 17 17 17 18 19 
Probable maximum output of Lake Superior ores exclu- 
sive of taconite concentrates Millions of gross tons | 83 80 70 50 40 
Probable maximum output of taconite concentrates in 
terms of 51 per cent iron content Millions of gross tons} 0 3 12 22 30 
Total ore production Millions of gross tons| 109 100 99 90 89 


Import requirements 


Millions of gross tons} 13 18 25 41 48 


Note: This table reveals the rapid rate at which our ore situation is becoming dangerously acute. Up until now we could 
have met all requirements of the steel industry from domestic reserves. The table shows that by 1960 less than three-fourths of 
our requirements can be met by our normal sources of supply while in 1970 less than one-half of our ore requirements can 
be obtained from these sources. The only way in which the 37 million tons of ore required in 1960 from new sources and the 78 
million tons required in 1970 can be provided is to both hasten the development of taconite production and facilitate the inward 


movement of foreign ore. 


fall of the St. Lawrence in the 46-mile International 
Rapids section, where the river runs downhill with 
great velocity, with an annual average discharge in 
the range of 240,000 cubic feet per second. It was 
here that the spectacular Long Sault Rapids for- 
merly terrorized mariners. An occasional venture- 
some Indian might run these rapids in a canoe and 
survive, but for conventional navigation only locks 
and canals would suffice. 

The terror of the mariner was the dream of the 
hydroelectric engineer, and New York and Ontario 
have long aspired to harness the river at this point, 
capturing the largest undeveloped source of water 
power in North America. In July, 1958, the great 
dam was dedicated, and in September, 1958, the 
great turbines began to spin. This year the 32 enor- 
mous turbines, sixteen on each side of the inter- 
national boundary, will be in full operation, har- 
nessing 1,200,000 horsepower of energy and pro- 
ducing upward of thirteen billion kilowatt hours of 
energy each year. 

The military and industrial significance of this 
great new power resource is obvious. Power from 
this great dam will flow as much as 300 miles from 
the dam site, sparking new industrial developments 
in Ontario and eastern Quebec and aiding in de- 
veloping the great mineral resources of Ontario. 


On the American side, spectacular new industrial 
developments have been simulated by the new 
power source. These include a new aluminum plant 
being built at $100 million cost near Massena, New 
York, by Reynolds Aluminum Company. This tre- 
mendous plant will utilize both the navigation and 
the power of the St. Lawrence. Ocean ships will 
carry bauxite ore from distant lands to the plant, 


and the large concentration of power available at 
the site will permit the development of the first fully 
integrated aluminum plant in America, with raw 
alumina entering the plant on the river side and the 
finished product emerging from the far end. Sig- 
nificantly also, General Motors Corporation is build- 
ing at Massena the largest aluminum foundry in the 
General Motors empire. 

These are merely illustrative of the industrial de- 
velopments confidently anticipated in the St. Law- 
rence River valley in upper New York state, in parts 
of New England, and in Ontario and Quebec, pow- 
ered by the great energy of one of the world’s might- 
iest rivers. The industrial capacity and the military 
potential of Canada and the United States are being 
significantly enhanced. 

It is worth noting that the waters of the Great 
Lakes, as they fall toward the sea, not only will pro- 
vide a unique combination of inland and ocean navi- 
gation, but will be one of the hardest working water 
supplies in the world from the power standpoint. 
Power is generated at Sault Saint Marie, at the down- 
fall of Lake Superior toward Lake Huron. It is, of 
course, generated on an astronomical scale at Niagara 
Falls. The same water, moving east, will now be har- 
nessed on an astronomical scale at the International 
Rapids section. Canadian power plants at several 
points between Massena and Montreal again send 
this water through their turbines on a significant 
scale. 

Surely these must be considered among the hardest 
working waters of the world, with the rain droplets 
which fall into Lake Michigan or Lake Superior find- 
ing themselves called upon to serve the industrial 
and human needs of a great region; to serve the 
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quarter billion tons of navigation annually moving 
on the Great Lakes; to be harnessed for power five 
or six times between Lake Superior and Montreal; 
and finally to serve the unique combination of fresh 
water and salt water navigation now to be realized 
with the opening of the Seaway, the deepest exten- 
sion of ocean navigation into a continental land mass 
to be found anywhere in the world. 


THE SEAWAY AND SHIPBUILDING 


One of the more interesting arguments for the Sea- 
way was that it would open up vast new shipbuilding 
resources, both in terms of merchant marine and naval 
shipping. Seaway advocates argued, quite logically, 
that the Great Lakes Basin was the American center 
of steel production; that the machine shops of Amer- 
ica lined their shores; that the country’s principal res- 
ervoir of skilled manpower was to be found in the 
North Central region. A considerable number of ship- 
yards are in the area, but usually working on a 
“feast or famine” basis with tremendous peaks of 
demand in wartime, and with the production curve 
dragging between wars. The fresh waters of the Great 
Lakes are conducive to long life for ships. Many of 
the bulk freighter fleet on the Great Lakes even now 
are over forty years old. The absence of barnacles 
and marine growths assures long life to ships in fresh 
water. The long life of ships on the Great Lakes is 
of dismay to shipyards, but of great benefit to ship 
operators. 

In this connection, the durability of iron ships in 
fresh water is strongly exemplified by the fact that 
the USS Wolverine, the first iron ship ever built on 
the Great Lakes, launched in 1844, is still afloat as 
a museum piece at Erie, Pennsylvania. 

During World War II more than 1,100 ships were 
built on the Great Lakes, a superficially impressive 
figure. Included in the lake buildings were fleet-type 
submarines, destroyer escorts, frigates, landing craft, 
and a host of small auxiliary naval types and small 
merchantmen. However, few of these ships could get 
to sea via the St. Lawrence, because of lock size and 
depth restrictions in the antiquated 14-foot waterway. 
Most of them reached tidewater via the Illinois Water- 
way and the Mississippi River, at staggering cost. 
Fully built and tested on the Great Lakes, they would 
then have superstructures cut off, and would be vari- 
ously ballasted down or pontooned up to get under 
bridges or through shallow reaches of the inland 
waterway system. Reaching the Gulf Coast, some- 
times in battered condition from a difficult voyage, 
they would then be rebuilt and re-outfitted at great 
cost in time and money before they could be sent into 
action. 


THE NAVY AND THE GREAT LAKES 


The U. S. Navy and the Great Lakes have a glori- 
ous historical association going back to the War of 
1812. One of the clean-cut American victories of that 
war was the Battle of Lake Erie on September 10, 
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1813, when Oliver Hazard Perry, who had been com- 
missioned to build, equip and man a fresh water 
fleet, destroyed the British fleet which had domi- 
nated the eastern Great Lakes, won control of Lake 
Erie for American arms, and handed down to pos- 
terity the great naval victory message, “We have met 
the enemy and they are ours.” 

Naval utilization of Great Lakes ship-building re- 
sources during World War II probably represented 
the maximum reasonably possible, under the limita- 
tions of the waterways which connect the Great Lakes 
to the high seas. 

After the war, the Navy gave consideration in ship- 
building awards to many factors, including cost, the 
need to maintain a widely dispersed shipbuilding 
potential, and other national interest considerations. 
A Navy report in 1954 pointed out that Great Lakes 
and inland waterway yards had only about 8.6 per 
cent of the construction and conversion program then 
under way. This compared to 51.3 per cent East Coast, 
28.9 per cent West Coast and 11.2 per cent Gulf. The 
Navy utilized lake shipyards for building minesweep- 
ers, destroyer escorts, and auxiliaries, not only to 
support Great Lakes shipbuilding as a military re- 
source, but because in many instances lake ship- 
yards had a high efficiency rating and were often low 
bidders. 


GUIDED MISSILE SHIPS TAKE FORM ON THE GREAT LAKES 


It is little known that the largest naval units ever 
built on the Great Lakes are now taking form at the 
Defoe Shipbuilding Company at Bay City, Michigan. 
Defoe had been awarded two contracts by the Navy 
for four guided missile destroyers at a total contract 
value of approximately $70 million. The keel for the 
first vessel, DDG-7, was laid in February, 1958. De- 
livery will be made at the Boston Navy Shipyard via 
the St. Lawrence Seaway, with the last of the four 
ships to be delivered in the fall of 1961. Here is full 
Navy recognition of the shipbuilding skill of the Great 
Lakes region and utilization of a new highway of 
transportation. 

The naval fraternity will be interested in some of 
the characteristics of these historic ships. They will 
be 431.5 feet in overall length; 47-foot beam and with 
a 26-foot depth at the center line. They will displace 
3,190 tons light; 3,370 tons standard and 4,500 tons 
fully loaded. Exact speed and power are classified, 
but they will travel in excess of 30 knots. 

Armament will include one Tartar dual-launching 
missile system; two 5-inch gun mounts; two torpedo 
launchers; and the latest anti-submarine defense 
equipment. Complement will be 24 officers, 21 ratings 
and 309 crew. 

Aluminum will be widely used in these ships. All 
superstructure above the main deck will be alumi- 
num as well as much of the interior structure. All 
living spaces are air conditioned. Habitability is 
strongly stressed, and the latest in electronic equip- 
ment will be in the ships, although this information is 
classified. 
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THE ST. LAWRENCE SEAWAY 


The appearance of guided missile vessels and float- 
ing masses of intricate electronics on the historic 
waters of the Great Lakes and of the St. Lawrence 
will be a far cry from the tiny brigs and sloops, built 
by Commodore Perry of green lumber on the shores 
of Lake Erie 146 years ago. 

The Defoe contract may well portend full-scale 
recognition by the Navy of the shipbuilding facilities 
of the Great Lakes. Any type of naval craft capable 
of moving through the St. Lawrence waterway is now 
susceptible of Great Lakes construction. The poten- 
tial includes submarines, fleet-type destroyers, light 
and medium cruisers, missile ships, and escort carriers 
of World War II dimensions, if these were again 
employed. 

The merchant marine construction potential in- 
cludes of course the largest types of ships for Great 
Lakes service, exemplified by the new SS Edmund 
Fitzgerald, the largest ship ever built on the Great 
Lakes, 729 feet long, 75 feet wide and of 27,000 tons 
capacity. This type of bulk freighter will be prom- 
inent in the movement of iron ore westerly into the 
Great Lakes from the new Labrador Range and in 
the movement of bulk cargoes easterly from the Great 
Lakes to tidewater ports. 

Great Lakes yards would of course have capacity 
to build all types of merchant shipping and naval 
auxiliaries, up to the physical limits of the new water- 
way. One of the already demonstrated national de- 
fense dividends of the building of the St. Lawrence 
thus is Navy utilization of lake shipbuilding for sea- 
board delivery via the new Seaway. 


MILITARY VULNERABILITY 


To rebut the national defense arguments in favor 
of the St. Lawrence Seaway, the project was invari- 
ably attacked by its opponents as being vulnerable 
from a military standpoint. It was argued that the 
project would involve strategic points such as major 
locks and dams which by bombing or sabotage could 
be taken out of service, and thus make the whole 
waterway inoperative. Proponents replied that if this 
line of reasoning were true, the Panama Canal, the 
Soo Locks, and the other great ship canals of the 
world should be taken out of service to remove the 
military threat they presented. It was said that the 
Port of New York might as well be abandoned be- 
cause it too was militarily vulnerable. The under- 
lying thought was of course that mankind does not 
deny itself the great works of peace because they may 
be vulnerable in time of war. 


THE SEAWAY AND THE FUTURE 


A convincing case can be made that World War II 
might actually have been shortened had the St. Law- 
rence Seaway been completed and ready for service 
before Pearl Harbor. The shipbuilding resources of 
the Great Lakes could have been used on a larger 
scale; an enormous power resource would have con- 
tributed mightily to the national power output, par- 


ticularly to alumina production for aircraft; and a 
sheltered transportation route would have reduced 
the hazardous North Atlantic crossing by a thousand 
miles, with a possible large saving in ships, strategic 
cargo, and lives. 

If the horror of nuclear war and of intercontinental 
ballistic missiles can be avoided and if future wars 
were to follow conventional forms, then the Seaway 
inescapably will be a vital factor in raw material pro- 
curement, power output, military logistics and added 
industrial strength. It will have a key role in con- 
tinental defense considerations. 

Assuming that all past patterns of military conflict 
are to go by the board and assuming the worst in 
terms of a short and deadly struggle with fantastic 
weapons, even then one may conclude that the St. 
Lawrence Project will make a contribution. Its con- 
tribution will be to help the United States and Canada 
build an industrial machine of such strength and 
magnitude that it will serve as a mighty deterrent to 
aggressors. The Great Lakes and the St. Lawrence, 
in this sense, are the arterial stream for the mighty 
resources of the midcontinent area, embracing steel 
mills, heavy industries, coal fields, petroleum, the 
world’s richest farm lands, and great cities of skilled 
crafts. These are military resources of the first mag- 
nitude. These build the total complex of industrial 
and economic might which towers behind armies and 
ships. 

Finally, modern diplomacy and defense are not lim- 
ited to fire power. Secretary of Defense McElroy has 
emphasized that international trade is just as im- 
portant as military agreements in buttressing Amer- 
ica’s allies. Secretary McElroy said that foreign trade 
strengthens the domestic economy and is essential 
to the economy of other friendly nations. “If stable, 
strong allies are important to us, then international 
trade is important to us,” he stated. 

The St. Lawrence is above all a great new mechan- 
ism for foreign trade. On its waters will flow vital 
raw materials from the Dominion of Canada and 
from many areas of the world to serve the mighty 
industrial machine of the Great Lakes region. From 
its ports will move foodstuffs and manufactured goods 
which, going to friendly nations and allies, will im- 
prove their way of life, strengthen diplomatic rela- 
tionships, and exemplify a peaceful world of trade. 
From its shipyards will be launched mighty mer- 
chantmen and the navies of the future. The comple- 
tion of this majestic engineering project exemplifies 
national sovereignty and national growth at its best 
and highest. 

America’s new fourth seacoast—the new eighth 
sea—the American Mediterranean—whatever we 
may call it, the new deep water highway to the 
Atlantic and the symbolic mingling of fresh and salt 
water in the very heart of the continent is rich with 
portents for a stronger and better America. It adds 

some powerful new muscles to national security and 
continental defense. 
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ELECTRODE WELD METAL FOR 
FABRICATION OF DYNAMICALLY LOADED 
SHIPBOARD MISSILE LAUNCHING SYSTEMS 
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is a metallurgist, having attended Temple University and holding an AB 
degree from the University of Pennsylvania and an LLB from Rutgers Uni- 
versity. From 1943 to 1955 he was associated with prominent welding alloy 
manufacturers as Research Engineer and Production Manager. Since 1956 
he has been associated with the U.S. Naval Gun Factory as Supervisory 
Welding Engineer, Head of Fabrication Procedures Section. Mr. Kobler has 
been responsible for a number of major developments in electrode design 
and technology. He is a member of the American Welding Society, American 
Society for Metals, American Society of Naval Engineers and American 
Ordnance Association. 


INTRODUCTION 


The General Problem. The general concepts of 
weldability, though vast in scope, demand that one 
be apprised of theories and developments which in 
a practical sense may affect the fabrication and serv- 
ice performance of high-strength weldments. Tech- 
nological obstacles heretofore encountered are 
rapidly disappearing. Yet today, with the advent of 
new materials and processes available to the indus- 
trial world, novel problems peculiar to advanced 
technology constantly affect those who are directly 
or indirectly concerned with fabrication. 

Among the foremost of those facing the metal- 
lurgist and welding engineer of today is that of 
brittle failure. An analysis of the major factors re- 
sulting in the failure of welded structures has re- 
vealed the importance of a property of metals de- 
scribed as “notch sensitivity.” This is defined as the 
relative ability or inability of a material to absorb 
energy and carry loads in the presence of notches 
and other geometries producing steep stvess gradi- 
ents. Unfortunately, though structures may be de- 
signed well within the yield strength of materials 


selected, the significance and importance of proper- 
ties beyond the yield are usually only given serious 
consideration where high plastic ductility provides 
an additional safety factor. Yet it has been estab- 
lished that as a result of the improper selection of 
materials, imperfections in design or workmanship, 
cr a combination of these factors, there are devel- 
oped points of high stress concentration which may 
move to failure with little or no plastic deformation 
before full working stress can be developed in the 
structure as a whole. On this premise, notch sensi- 
tivity specifically with respect to the selection of 
materials assumes paramount importance in design 
particularly where contemplated service temper- 
atures of the structure extend over a relatively wide 
range. 

The question of the effect of temperature on the 
mechanical properties of steel is no longer academic 
but poses and continues to pose a serious practical 
problem in service at low and on occasion at mod- 
erate temperatures. Lowering the service temper- 
ature of steel has the same qualitative effect as in- 
creasing the rate of loading, the severity of a notch, 
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or the intensity of stress concentration. Long-range 
investigations of catastrophic failures relating to 
structures such as ships, bridges, pressure vessels, 
and others of a like nature have confirmed the fact 
that at low temperatures stresses only slightly above 
yielding may readily initiate brittle fracture at the 
point of origin of a sharp notch or crack below what 
is now termed the Nil Ductility Transition temper- 
ature of the steel. For clarity with respect to this 
concept as related to brittle or ductile behavior of 
steel, reference is made to the findings of Pellini, 
Puzak, and associates at the Naval Research Labor- 
atory who have provided new and _ interesting 
theories regarding transitions. 

The fundamental behavior theories expounded 
embrace fracture energy characteristics within three 
major transition zones as illustrated in Figure 1 and 
expressed below. 


Test Temperature (°F ) 


Figure 1, Fracture Transition Temperatures. 


a. The Nil Ductility Transition (NDT). This is the 
temperature below which steel loses all ability to de- 
form in the presence of a sharp notch. Fractures initiate 
immediately on reaching the yield point and propagate 
easily through the elastic loaded region. 


b. The Fracture Transition for Elastic Loading (FTE). 
This is the temperature below which initiated fractures 
will propagate through elastically-loaded regions and 
above which fractures will propagate only through 
plastically-loaded regions. At this temperature frac- 
ture initiation must be forced. However, as the service 
temperature is lowered from FTE to NDT, the force 
necessary for fracture initiation is reduced. 

c. The Fracture Transition for Plastic Loading (FTP). 
This is the temperature above which only shear tearing 
is possible and propagation cannot occur. Despite the 
severity of drastic loading, ductile failure can only 
occur following severe deformation. At temperatures 
between FTE and FTP, propagation becomes increas- 
ingly difficult. 


General considerations relative to weld and base 
metal behavior characteristics have undergone ex- 
tensive investigation over the past two decades. The 
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introduction of low hydrogen mineral type elec- 
trodes and the advent of the shielded inert gas metal 
are welding processes have provided both chemical 
and metallurgical control of weld deposits to a de- 
gree of equivalence experienced in orthodox steel 
making practice. 

As a result of these concurrent developments in 
steels and filler metals, strength levels of fabricated 
weldments have increased phenomenally in recent 
years. Today, the tendency has been to push proper- 
ties of materials to their limits. High strength-to- 
weight ratios have soared, and joint strengths of 
300,000 psi are no longer considered out of the realm 
of feasibility. Coincidentally, service conditions im- 
posed on welded structures subjected to low and 
high atmospheric temperatures have reached a 
severity encompassing low margins of safety and 
critical consequences of failure. Accordingly, weld- 
ability and the solutions of problems ensuing there- 
from have become more complex in nature. From 
contemporary weldability studies there have evolved 
a number of basic principles for obviating brittle fail- 
ure in weldments of the type under discussion. These 
can be classified as follows: 


(1) A design which will produce a functionally- 
suitable structure with adequate strength under all 
possible service conditions, including the accident case 
where drastic loading occurs. 

(2) Satisfactory workmanship and fabrication that 
will tend to carry out the intent of the design, that is, 
to produce welded joints of the strength intended with 
a minimum of notch defects. 

(3) Steel plate and weld metal that possess the 
properties anticipated by the designer, that is, mate- 
rials capable of withstanding high stresses and dy- 
namic loading in the presence of notch defects or 
flaws, within a wide range of operating temperatures. 


The last poses the most perplexing problem of 
all, for it involves the careful selection of materials 
that will conform to the requirements of anticipated 
service. It is obvious that no intricate welded struc- 
ture can be realistically designed and fabricated 
without the existence of sharp notch defects or 
flaws, and thus, in the military case, materials of sub- 
stantial static and dynamic properties capable of 
withstanding the high stresses and impacts of com- 
bat service must be considered. For this reason, se- 
lection of materials should normally be restricted to 
those possessing NDT and possibly FTE transitions 
below the minimum operating temperature of struc- 
tures. 


DISCUSSION 
The Specific Problem. The prime problem posed 
in planning for the manufacture of a shipboard mis- 
sible launching system designed and developed by 
the United States Naval Gun Factory was essentially 
one involving metallurgical and weldability charac- 
teristics of materials for fabrication. It was contem- 
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plated that this complex structure would be subject 
to exceedingly-high stresses and impact at service 
temperatures as low as 10° F. Design was further 
limited to rigid maximum weight requirements, and 
therefore, it was essential that materials for fabrica- 
tion possess properties combining high yield strength 
and sufficient notch toughness under all service con- 
ditions, including those where dynamic loading could 
conceivably produce stresses beyond the yield. 

As a result, selection of material was necessarily 
restricted to the utilization of a light gauge, high 
yield strength, quenched and tempered alloy struc- 
tural steel. The steel designated was the recently- 
developed T-1 alloy, possessing a low-carbon tem- 
pered martensitic microstructure with characteris- 
tics of high strength and adequate notch ductility as 


TABLE I. 
Approximate Mechanical Properties of T-1 Steel 


Yield strength—0.1 offset ................... 90,000 psi 
—45°F/25 Ft. lbs. 
0°F/30 Ft. lbs. 


indicated in Table I. These preliminaries, however, 
led to the specific problem of ultimate fabrication. It 
is well to consider at this point that the development 
of T-1 or any other complex alloy steel may create 
certain unforeseen and objectionable characteristics 
that must be eliminated before utilization of the 
material is possible. This was particularly the case 
in the development of procedures for the welding of 
subject missile launching system. An added com- 
plication was the prohibition of preheat on light 
gauge T-1 steel prior to welding in order to prevent 
possible microstructural transformation from a notch 
tough low-carbon martensite to a notch sensitive 
upper bainite. Such transformation could be antic- 
ipated as a result of retardation of the weld cooling 
rate. 


For purposes of adequate fabrication, where di- 
mensional stability was of major importance, it was 
essential to provide for stress relief annealing during 


assembly. Though the steel itself, according to the 
manufacturer, neither decreased in strength nor 
notch toughness as a consequence of such stress re- 
lief, little was known concerning the reaction of 
weld metal subjected to such a heating cycle. The 
only data available at the time from either the man- 
ufacturers of the steel or the manufacturers of arc 
welding electrodes could be summed up as follows: 


a. Up to 1956, 100 percent weld-joint efficiency could 
not be obtained by any weld metal deposited by a 
commercially-available electrode under conditions 
specifying stress-relief annealing. 

b. In’ 1956, development of electrodes progressed to 
a level whereby stress-relieved weld metal approached 
the mechanical properties desired. Unfortunately, ad- 
ditional weldability complications were evident, and it 
became apparent that an electrode must be designed 
to meet the requisites of the missile system application. 


As previously indicated, at the inception of the in- 
vestigation, concern existed with respect to the pos- 
sible detrimental effects of stress relieving on non- 
dilution weld metal. Furthermore, it was conjectured 
that the thermal effect of welding on the metallurg- 
ical characteristics of the T-1 alloy might conceiv- 
ably create a weakened area within the heat-affected 
zone. As a result, it was anticipated that notch sen- 
sitivity would materially increase in this zone to the 
extent that minimum notch ductility and resultant 
low-impact values would be exhibited at contem- 
plated service temperatures. However, following a 
review of the test data obtained, it was evident that 
the major problem relating to weldability did not 
reflect such a condition. 


Discussion of Test Procedures and Results. In co- 
operation with electrode manufacturers, experi- 
mental electrodes of the 110-15, 16 classification were 
submitted for evaluation. These will be referred to 
hereafter as Electrodes, A, B, C, D, and E in order of 
submission. The last electrode, namely electrode 
I, was submitted in accordance with Naval Gun Fac- 
tory recommendations relative to weld metal chem- 
istry. Table II shows a tabulation of nondilution weld 
metal chemistry for the entire series of electrodes. 
Composition of the T-1 alloy is also indicated. 


TaBLeE II. 
Tabulation of Weld Metal Chemistry 
COMPOSITION OF NONDILUTION WELD METAL 


Shastente Percent of Element in 
No. c Mn Si Ss P Ni Cr Cu Mo Vv Covering 
A 07 1.40 52 014 .019 1.84 08 26 
B 08 1.27 48 022 017 1.17 69 09 Al a : 21 
Cc 07 1.54 52 017 022 2.78 06 03 47 02 .30 
D 06 1.34 39 .019 015 1.69 .70 05 23 <.03 26 
E 12 1.57 018 015 1.03 15 21 
COMPOSITION OF BASE METAL 
Percent of Element 
Ss P Ni Cr Cu Mo Vv B 
04 017 87 50 A8 06 .0046 
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Test procedures included the following as illu- 
strated in Figures 2, 3, 4,5 and 6. 


DISCARD 


let 


Figure 2. Unrestrained Groove Test Plate for Tensile 
Specimens. 


All test plates were welded with identical joint 
welding procedures and were permitted to cool to 
room temperature after completion of welding. Ap- 
proximately 24 hours after welding, the plates were 
radiographed and then subjected to an 1100°F stress 
relief for two hours followed by a furnace cool. 

Figure 7 shows a typical radiograph of a weld 
made with a T-1 electrode. None of the welds ex- 
amined revealed porosity, cracks or other weld metal 
defects. 

Table III provides a tabulation of stress-relieved 
nondilution tensile properties. It should be noted 
that electrode C was excessively high in strength 
and failed to meet the specified ductility require- 
ments. The remaining electrodes either approached 
or conformed to the required values which, inci- 
dently, reflect the properties of the T-1 alloy. 

Figure 8 indicates that Charpy V transition curves 
for electrodes A, B, D, and E exhibited stress-relieved 
weld metal energy absorption levels at the predeter- 
mined critical testing temperature of 0°F, equivalent 
to or greater than T-1 steel. Both the NDT and FTE 
transitions were below expected operating temper- 
atures for the missile system. As might be expected, 
electrode C exhibited notch sensitive weld metal 
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Figure 3. Restrained Groove Test Plate for Non-Dilution 
Weld Metal Charpy V Specimens. 
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Figure 4. Restrained Groove Test Plate for Heat Affected 
Zone Charpy V Specimens. ’ 
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Figure 5. Restrained Groove Test Plate for Fusion Zone 
Charpy V Specimens. 
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Figure 6. Impact and Tensile Specimen Details. 
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Figure 7. Typical Radiography of T-1-Electrode Weld Metal. 
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Figure 8. Charpy V Transition Curves for Non-Dilution Weld 
Metal Stress-Relieved 1100° F-2 Hours. 


TABLE III. 
Tabulation of Weld Metal Tensile Properties 


MECHANICAL PROPERTIES OF NON-DILUTION WELD METAL* 
Stress Relieved at 1100°F. for 2 Hours 
Standard .505 Tensile Specimens 
Yield Tensile 


Electrode Stren, Strength 
No. 2% Offset in 3” in Area 
A 100,500 108,500 24 66 
B 108,000 126,000 23.5 59 
Cc 124,000 133,000 13 _ 
D 102,500 108,000 21 63.5 
E 104,500 116,000 23 61 

WELD METAL REQUIREMENTS FOR 100% JOINT EFFICIENCY* 

Yield % 
Strei Tensile Elongation 
.2% Offset Strength 
100,090 110,000 18 


*As welded mechanical properties are greater in strength; com- 
parable in tensile ductility. 


with energy absorption values as low as 10 ft lb at 
0°F. This immediately excluded electrode C as a 
potentially-suitable filler metal. 

Having determined that at least two electrodes 
were capable of producing welds of adequate 
strength, efforts were directed toward examining the 
properties of the heat affected zone. Under similar 
conditions of restraint, welds were deposited with 
electrodes A and C, the former representing weld 
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metal of satisfactory notch ductility, and the latter, 
notch sensitive weld metal. 

In Figure 9, Charpy V transition curves for Heat 
Affected Zone indicate a significant increase in the 
notch ductility of the heat-affected base material 
welded with electrode C as opposed to the charac- 
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Figure 9. Charpy V Transition Curves for Weld Heat Affected 
Zone Stress Relieved 1100°F-2 Hours. 
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teristics of the filler metal itself. Observed values 
approached those for the affected plate joined with 
electrode A. In both cases, the estimated NDT and 
FTE transitions were below projected service tem- 
peratures of the missile-system structure. These find- 
ings discounted the existence of a significantly- 
weakened heat-affected zone, and thus it was ap- 
parent, particularly in view of the data obtained on 
plates welded with electrode E, that the thermal 
effect of welding on the weld adjacent areas of the 
T-1 alloy was negligible. 

Deductively, there remained only one other weld 
region capable of displaying excessive notch sensi- 
tivity. This was the fusion zone. Experience has re- 
vealed that paths of failure in a weldment can move 
through base metal, weld metal, heat affected zone, 
or fusion zone. The latter cannot be described as 
either weld metal or heat-affected base metal but is 
best defined as an extremely-narrow discontinuous 
interface approaching microscopic dimensions. It is 
located at the point of juncture between the diluted 
area of weld metal (an homogeneous compound of 
weld and base metal with its own distinct chemistry) 
and heat-affected base metal, so noted in Figure 10. 

As a result of the liquid dilution of both molten 
weld and base metal in the heat of the welding arc, 
a discontinuous change in composition occurs across 
the weld bead and base metal interface. This con- 
ceivably creates an area within what is commonly 
termed weld metal, a dilution zone of a composition 
unlike the nondiluted weld metal. At high temper- 
atures below the melting point and during the cool- 
ing phenomenon, solid state diffusion may act upon 
this composition and partially compensate for the 
initial dilution effect in the region of the interface. 
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Non diluted weld metal 


Fusion zone 
Heat affected zone 
Unaffected base metal 


Figure 10. Weldability Zones. 


However, the reaction cannot move to completion at 
the point of fusion because of extremely rapid cool- 
ing from the molten state. This retards the diffusion 
process and provides for the retention of discon- 
tinuities and single phase constituents. Where, how- 
ever, solid state diffusion is capable of continuing for 
extended periods of time at high temperatures, these 
discontinuities may be eliminated, or at least min- 
imized. 

Though the chemistry of the dilution zone is cap- 
able of calculation by means of the law of mixtures, 
tne composition of the narrow fusion zone cannot so 
be estimated in view of the incomplete process of 
diffusion. 

From the metallurgical standpoint, the fusion zone 
tends to assume the properties of the surrounding 
area, and in so doing, the distinctive effect of some 
of the brittle phases may be somewhat relieved. This 
belief, however, is hypothecated on the premise that 
chemical incompatibility between weld and base 
metal is non-existent. Where such prevails, the com- 
pensating influence of diffusion on the constituents 
formed in the region of the interface may no longer 
be effective. 

In view of critical service conditions anticipated 
for the missile launching system, it was imperative 
that the level of properties developed across the 
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Figure 11. Charpy V Transition Curves for Fusion (Dilution) 
Zone Stress Relieved 1100°F-2 Hours. 
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stress-relieved joint be commensurate with that of 
the T-1 alloy. If, as expected, the structure might be 
required to withstand stresses to the limit of its 
yield, it was essential that no weakened zone exist 
through which a crack or flaw could move to sudden 
and catastrophic failure. 

As illustrated in Figure 11, Charpy V transition 
curves for fusion zone substantiated the possibilities 
of a notch-sensitive zone at the region of the stress- 
relieved weld-base metal interface for electrodes A 
and B. The levels of energy absorption were con- 
siderably below the unaffected base metal, compar- 
able electrode weld metal, or heat-affected-zone 
values. Estimated NDT values were above contem- 
plated service temperatures of the structure. 


An analysis of the A and B electrodes resulted in 
a theory relating to modification in electrode design 
that might obviate the detrimental dilution-diffusion 
effect on stress-relieved fusion-zone properties, for 
it was obvious that if electrodes A or B were utilized 
for fabrication of the structure, an increasing risk of 
brittle failure in the notch-sensitive fusion zone 
would be encountered under adverse service con- 
ditions. This concept was based on alloy incompati- 
bility existing between the weld deposit and base 
metal. After theoretically computing the composition 
of dilution zones, modifications in electrode design 
relating to adjustments in C, Mn, Cr, Ni and Mo were 
recommended as a possible solution. The suggested 
nominal composition initially recommended was as 
shown in Table IV. 


No major changes were observed in electrode D 
other than those that probably occurred in coating 
ingredients and electrode processing, which facil- 
itated a general rise in level of energy absorption for 


Figure 12. Photograph of Sub-Size Guided Side Bend Specimens After Test. 


TABLE IV. 
Recommended Weld Metal Chemistry of T-1 
Electrode. 
c Mn Si Ni Cr Mo 
10 1.50 00 1.10 20 


weld metal and fusion zone. However, the properties 
of the latter were substantially below that of the T-1 
alloy so that fusion zone efficiency approximated 
only 76 percent. 

Modifications in electrode E, on the other hand, 
were substantial in nature and conformed to Naval 
Gun Factory recommendations. As _ previously 
stated, weld metal was satisfactory and fusion zone 
impact values, as shown in Figure 11, insured a joint 
efficiency of 100 percent. The NDT and FTE temper- 
atures were both significantly below anticipated op- 
erating temperatures. 

The latter data appeared to reinforce the theory 
of incompatability, its effect on notch sensitivity of 
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Figure 13. Vickers Hardness Survey—Electrode B. 
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Figure 14. Typical Metallographic Survey of T-1 Weldments. 
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the fusion zone, and a possible means of obviating or 
minimizing its existence in stress relieved weldments 
of high-strength structural steels. 

Subsequent guided side bend tests, as indicated in 
Figure 12, sectioned from horizontal restrained groove 
welds substantiated the predicted soundness of the 
T-1 weld joint. A hardness survey across the weld 
joint, as shown in Figure 13, was typical of all elec- 
trodes tested with little variation observed. 

Figure 14 illustrates a metallographic survey of a 
typical multiple pass T-1 weld showing the inherent 
tempered martensite micro structures and the 
changes occurring from weld metal to unaffected 
base metal. 


CONCLUSION 
Weldability investigations in recent years have 
continued to emphasize the weld/base metal com- 
plex. In particular, the thermal effect of welding on 
properties of weld-adjacent zones has been over-ex- 
ploited to the extent that an unfortunate void has 
developed in the concept of weldability. 
Introduction of multiple-alloy high-strength steels 
has created a necessity for expansion of the weld- 
ability theory. It is concluded from evidence con- 


tained herein that a basis for continued research in 
the phenomenon of the fusion zone is justified. The 
basis premises can be stated as follows: 


a. Fusion zone properties in high-strength steel 
weld joints are inherently brittle and retain this detri- 
mental characteristic in the presence of dilution in- 
compatability. 

b. Fusion zone properties assume characteristics of 
the surrounding metal (weld and base metal) in the 
presence of dilution compatibility. 


From the standpoint of chemico-metallurgical 
theory and welding engineering principles as indi- 
cated in subject shipboard-missile-launching system 
or extensive weldments of similar complexity, the 
consequences of dilution effect and the attending 
probability of incompatibility must be seriously con- 
sidered as part of any weldability evaluation pro- 
gram if catastrophic failures are to be avoided. 
Though implied responsibilities are necessarily 
borne by the manufacturers of steel and filler metals, 
the primary responsibility rests with the metal- 
lurgist or welding engineer who has cognizance over 
the research, development, or fabrication of any 
major weldment. 


Four nuclear-powered submarine construction contracts have been 
awarded for ships of the THRESHER class to New York Shipbuilding Cor- 
poration and Ingalls Shipbuilding Corporation. The construction of two 
more of this class has been assigned to the Mare Island and Portsmouth 
Naval Shipyards. These awards and assignments bring to 30 the total 
number of nuclear powered submarines now under construction or opera- 
tion by the Navy. 


—from BUREAU OF SHIPS JOURNAL, June, 1959 


U.S.S. SKIPJACK, SS(N)-585, has completed her builders trials, testing 
two major submarine developments in a single hull for the first time. The 
endurance inherited from the propulsion plant of NAUTILUS and speed 
and maneuverability from the hull of ALBACORE are joined in SKIPJACK. 
The hydrodynamic characteristics resulted from extensive studies and tests 
of underwater forms, of twin and single screw arrangements, and of control 
surface design and arrangement. The nuclear propulsion plant represents 
a design advance over that of NAUTILUS, incorporating higher power and 
a longer life. These features, coupled with modern armament, provide a 
powerful addition to the Navy's submarine force. 

—from BUREAU OF SHIPS JOURNAL, June, 1959 
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Alexander Stephen and Sons, Ltd., a British firm, has completed shop 
trials of one of the most powerful diesel engines in the world. The engine 
a twelve-cylinder, 760 mm. bore, two-stroke type, was designed for a 
service output of 14,000 bhp. Shop tests, however, showed its ability to 
produce 18,000 bhp. The engine will be used to power the CITY OF MEL- 
BOURNE, a cargo-passenger ship now under construction. Test power was 
developed at 126 rpm, and maintained for a twenty minute run. At the 
same time, the firm of Burmeister and Wain has been conducting trials on 
a six-cylinder engine with a bore of 840 mm. At 110 rpm this engine pro- 
duced 12,500 bhp. A twelve cylinder version can produce 25,000 bhp. In 
the six-cylinder design, a fuel rate at 60°%/ power of 0.33 lb per bhp-hr 
was reported. The engine will power an 18,500 DWT tanker for the East 
Asiatic Co. 

—from MARINE ENGINEER AND NAVAL ARCHITECT _ 
June, 1959 


The PT-812 has recently completed conversion from a Packard gasoline 
engine drive to a combination gas turbine and diesel drive at the Philadel- 
‘se Naval Shipyard. The craft maneuvers and cruises by means of two 600 

p supercharged, light weight Packard diesel engines, driving two inboard 
shafts. Each of these shafts carries a 38 inch controllable pitch propeller, 
with a mechanical pitch-changing mechanism. Two gas turbines are used 
for higher power operations. They are 4000 shp Metropolitan Vickers GI | 
units, driving the two outboard shafts, each of which mounts a 52-inch pro- 
peller. The gas turbines use diesel fuel, and can be completely controlled 
from either engine room or bridge. They are designed for 1000 hours major 
overhaul interval, of which 300 may be at full rated power. The vessel has 
completed trials and is now in service. 

—from BUREAU OF SHIPS JOURNAL 
July, 1959 P 


The Bureau of Ships has contracted with the Carrier Corporation to build 
a 5000 watt thermo-electric generator. A similar contract has been placed 
with the Westinghouse Electric Corporation. Designed as necessary de- 
velopmental steps in an aim for higher power units, these generators will 
probably receive heat from combustion of diesel oil or other fuels readily 
available. The temperature difference necessary for electric power genera- 
tion will be obtained by use of cooling sea water, either directly or through 
a heat exchanger. The electrical power output will be pa with exist- 
ing Navy electrical equipment. The generator will be designed for resist- 
ance to shock and vibration. 

—from MECHANICAL ENGINEERING 
July, 1959 


Tewlve European nations have concluded an agreement for joint con- 
struction, in Britain, of a high powered nuclear reactor which may be a 
potential marine propulsion unit. The reactor is to be a high-temperature, 
gas cooled type. Construction is scheduled to commence early in 1960 
for completion in 1962. Participating nations include England, Belgium, 
France, Germany, Italy, Luxembourg, Netherlands, Austria, Denmark, 
Norway, Sweden and Switzerland. 


—from MARINE ENGINEER AND NAVAL ARCHITECT 
May, 1959 
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H igh-frequency sound is now being developed into 
a useful and versatile tool for industry. The first im- 
portant practical application of ultrasonics was in 
sonar systems, which were perfected just before 
World War II. Shortly thereafter, systems were de- 
veloped for detecting flaws in castings, forgings, and 
other products. These are perhaps the most obvious 
applications of ultrasonic energy, because both 
underwater bodies and internal flaws are located by 
measuring the elapsed time between an initial pulse 
and its reflection. 

When the sound intensity is increased well above 
that needed for detection systems, a whole new area 
of applications arises. For instance, ultrasonic energy 
can be used to tin without flux, weld, drill, clean, 
speed up chemical reactions, and perform a host of 
other jobs. While these potential applications have 
been discovered since World War II, equipment to 
do these jobs is in various stages of development. For 
instance, at Westinghouse, ultrasonic cleaning tanks 
have moved from the laboratory to the production 
lie; other areas of application are in the advanced 
development stage. 


THEORY 


The dividing line between sonic and ultrasonic 
vibrations, which occurs at about 17,000 cycles per 
second, is based on the upper limit of the frequency 
response of the human ear, not on basic changes of 
the wave. 

Fundamentally, a sonic or ultrasonic wave is a 


deformation of a physical medium, consisting of 
alternate compressions and rarefactions that travel 
through the medium. The velocity of the wave de- 
pends largely on the physical properties of the mate- 
rial. For instance, in a thin solid rod, the velocity 
of a longitudinal wave is given by the relationship, 


where E is the modulus of elasticity of the material, 
and p is density of the material. 

Similarly, in a liquid or gas the velocity is given 
by the relationship, 


= 


where G is the adiabatic compression factor, and p 
is the density. 

The velocity of propagation in most solids ranges 
from 7000 to 20,000 feet per second. The velocity 
changes to some extent with temperature, pressure, 
and with sound intensity. The effects of temperature 
and pressure are most pronounced in the case of a 
gas. 

As in most wave phenomena, the wavelength cor- 
responding to a given frequency can be determined 
directly from the following equation, 

c 
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where c is the velocity of sound, and f is frequency. 
At a frequency of 20 kilocycles per second, one wave 
length is equal to 2.8 inches in water and 11 inches 
in steel. 

The intensity of a plane longitudinal sound wave 
in any medium is given by the relationship, 


l=k 


where A is the amplitude of vibration, f is frequency, 
p is density, k is the constant of proportionality, and 
c is the velocity of sound in the medium. 

To obtain an acoustic intensity of 100 watts per 
square inch in water at a frequency of 20 kilocycles 
per second, a displacement of 2.610-° inch is re- 
quired. However, to produce an equivalent intensity 
in air under standard conditions, the displacement 
must be increased to 1.4710" inch because the 
specific acoustic impedance of air is only 1/3000 that 
of water. The specific acoustic impedance is defined 
by the relationship, 

pe 
where p is density of the medium, and c is the ve- 
locity of sound in the medium. 

Sound waves cannot be propagated through a 
vacuum as can electromagnetic waves. However, 
they can be attenuated, refracted, reflected, or dif- 
fracted in much the same way as light waves. The 
amount of sonic or ultrasonic energy that can be 
transmitted through a medium depends largely on 
the physical characteristics of the medium. For in- 
stance, a solid material will fracture if the repeated 
stresses set up by the zones of compression and rare- 
faction exceed the endurance limit of the material. 
In a liquid, a phenomenon known as cavitation oc- 
curs when the sound intensity exceeds a certain 
threshold value. 

Cavitation can be described as the formation and 
subsequent collapse of minute vapor pockets caused 
by vibrational stresses in the liquid. The collapse of 
these cavitation bubbles can result in localized pres- 
sures up to 75,000 p.s.i. or higher and localized 
temperatures up to 20,000°F. Cavitation effects are 
extremely useful in a number of industrial proc- 
esses. 


ULTRASONIC SYSTEMS 


Both sonic and ultrasonic applications can be 
classified into three categories: those requiring high 
acoustical energy but not cavitation; those requiring 
high acoustical energy and cavitation; and those re- 
quiring only small amounts of acoustical energy. 

Systems used in applications requiring high 
acoustical power consist primarily of the following 
major components: the generator, the transducer, 
and the coupling device. 

The generator converts the 60-cycle power to a 
high frequency or to another form that can be used 
to drive a transducer unit. The electronic generator 
is widely used for this purpose; however, the motor- 
generator set is now being used in high-power ap- 
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plications. At a power level of about 25 kw or 
greater, the motor-generator set has a definite cost 
advantage and requires less maintenance. However, 
the motor-generator set is limited at present to a 
maximum frequency of about 20,000 cycles per sec- 
ond; hence, for higher frequencies, the electronic 
generator must be used. 


INPUT 60 CYCLES 
115, 220, 440 VOLTS 


115 VOLTS 115 VOLTS 
60 CYCLES 60 CYCLES 


Figure 1. Components of the electronic generator are re- 
duced by using alternating current for a plate supply; the 
120-cycle envelope does not decrease the effectiveness of 
the magnetostrictive transducer. Standard cleaning tanks are 
made in 1'4-gallon to 32-gallon capacities. Transducers can 
be fitted on larger tanks, and existing tanks can be equipped 
with submersible units. 


The electronic generator circuit now used in 
Westinghouse ultrasonic equipment (Figure 1) in- 
volves a minimum number of electronic components. 
Since in most high-power systems, the generator rep- 
resents about two-thirds of the cost of the system, 
generator simplicity is of paramount importance, and 
with fewer components, equipment reliability is im- 
proved. 

The transducer unit converts the high-frequency 
electrical energy from the generator to vibrational 
energy. Most ultrasonic transducer units operate on 
either magnetostrictive or electrostrictive principles, 
for while a variety of transducer types can produce 
high-frequency vibrations, they are not used widely 
because of technical or commercial reasons. 

The magnetostrictive transducer usually consists 
of a laminated stack of magnetic metal about which 
is placed a winding, Figure 2. When an alternating 
current passes through the winding, the magnet- 
ostrictive material changes its dimensions in syn- 
chronism with changes in the induced magnetic field. 
The resulting vibrations can then be coupled to the 
work piece by some suitable means. 

A spaced-lamination magnetostrictive transducer 
has been designed especially for the irradiation of 
liquid baths and can be applied to operations such 
as cleaning, electroplating, degreasing, and pickling. 
The spaced-lamination construction provides an im- 
proved acoustical match between the transducer and 
the liquid, considerably increasing the efficiency of 
the magnetostrictive transducer. At the same time, 
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DIRECTIONS OF VIBRATION —— 


ELECTRICAL INPUT 


Figure 2. The magnetostrictive material vibrates in syn- 
chronism with current in the winding. The acoustic impedance 
of the spaced laminations closely matches that of the liquid 
bath. 


SPACED-LAMINATION 
MAGNETOSTRICTIVE 
a TRANSDUCER 


ELECTROSTRICTIVE 

TRANSDUCER 
SOLID-STACK 
MAGNETOSTRICTIVE 
TRANSDUCER 


APPROXIMATE THRESHOLD FOR 
CLEANING APPLICATIONS 
1 


10 20 30 
ELECTRIC POWER (WATTS) PER SQUARE INCH 
OF RADIATING SURFACE—UNMODULATED WAVE 


RELATIVE ACOUSTIC 
ENERGY DENSITY 


Figure 3. Comparison of typical transducers. 


high intensities can be obtained. Also, the spaced- 
lamination unit can be constructed to irradiate liquid 
baths having temperatures as high as 400°F. Be- 
cause of a high-temperature capability and rugged- 
ness, the magnetostrictive transducer is suitable for 
high intensity, process applications, Figure 3. 

The electrostrictive transducer, in its simplest 
form, consists of a block of material such as barium 
titanate or a Rochelle salt that changes its dimen- 
sion with an impressed electric field. The electric 
field can be established between conductive coatings 
on opposite sides of the block. 

The electrodynamic transducer is used primarily 
for transmitting sound energy into air or a gas with 
a low specific acoustic impedance; a typical example 
is a radio speaker. The transducer consists of a mov- 
able coil placed in a magnetic field so that an alter- 
nating current in the coil causes it to vibrate. A suit- 
able diaphragm, attached to the coil, serves as the 
radiating element. 

Of somewhat less importance is the electromag- 
netic transducer, which depends upon a magnetic 
attraction across an air gap. Although this type 
of electromechanical conversion is frequently found 
in relays and similar devices, it is not used exten- 
sively for the production of high-frequency vibra- 


tions. Both the electromagnetic and the electrody- 
namic type of transducer are more useful at sonic 
frequencies. 

Another electromechanical transducer, sometimes 
used to radiate sonic energy into a gaseous medium, 
operates on the principle of electrostatic attraction. 
The electrostatic transducer consists of two parallel 
plates between which an alternating field is estab- 
lished; this creates an alternating attractive force to 
produce the desired vibration. Because the spacing 
between the plates must be quite small, the vibration 
amplitude is limited. 

The jet, whistle, or siren is used in the chemical 
industry for homogenization and emulsification of 
liquids. For instance, dissimilar liquids can be forced 
through a jet in an unstable or fluctuating flow, and 
cavitation produced by the vibrations will homogen- 
ize the liquids. These transducers generally operate 
in the sonic frequency range; at higher frequencies, 
the efficiency is reduced. 

The coupling horn (Figure 4) often is used in con- 
junction with the transducer unit in applications 
such as cutting, drilling, soldering, and welding, 
where large displacements are required to provide 


Figure 4. Though the movement of this coupling horn is 
impercept ble at 20,000 cycles per second, a drop of water is 
instantly vaporized by the vibrational energy. 
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a high energy level in a small area. The horn serves 
as a mechanical transformer that increases the vibra- 
tion amplitude in proportion to the inverse ratio of 
the diameters of its two ends. Generally, such trans- 
formers are one-half wavelength long and are 
tapered to be linear, exponential, catenoidal, etc., de- 
pending on the transmission characteristics desired. 
If made of a suitable material, these devices are 
highly efficient. 


APPLICATIONS 


The most important high-power application of 
ultrasonics in industry is that of cleaning or degreas- 
ing; with ultrasonics, cleaning can be done both 
faster and better. 

Cleaning is accomplished primarily through the 
effects of cavitation. The cavitation implosions occur 
near the surfaces to be cleaned, literally blasting the 
dirt loose. Because the intensity required to pro- 
duce cavitation decreases rapidly with decreasing 
frequency, down to about 40-kc, most cleaning sys- 
tems operate in the 20-kc to 40-kce range. Apprecia- 
bly below 20-ke, a larger transducer is required, and 
the audible noise generated is undesirable. 

Ultrasonic energy has been applied experimen- 
tally to electroplating processes, resulting in a de- 
creased plating time, often with simultaneous im- 
provement in the quality of the plate. However, de- 
spite this potential, additional techniques have to be 
developed before ultrasonics is applied to large-scale 
electroplating operations. 

A number of experiments have shown that the 
acid removal of scale can be increased by factors of 
two to six or more with the use of ultrasonic energy. 
As more suitable equipment for high-temperature 
bath agitation becomes available, this technique will 
be used more extensively. The spaced lamination 
transducer is already being used for such applica- 
tions. 

The use of ultrasonics in decontaminating radio- 
active parts makes possible remote cleaning before 
handling by maintenance personnel, and as in the 
case of most ultrasonic cleaning processes, a sub- 
stantial reduction in the cleaning time can be real- 
ized as well as an improvement in cleaning. 

Impregnation of various electrical components can 
be accomplished through the use of ultrasonic 
energy, especially parts consisting of a laminated 
structure. Preliminary experiments indicate that 
through the use of ultrasonic energy, vacuum equip- 
ment normally used in certain impregnation proc- 
esses can be eliminated. 

In the chemical industry, ultrasonics can be used 
to emulsify immiscible liquids, homogenize liquids 
and solids, and hasten chemical reactions. For in- 
stance, water-mercury and water-oil emulsions can 
be produced. Strangely, the mercury emulsion re- 
quires no cavitation, whereas the oil emulsion does. 
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In general, frequencies in the sonic range are more 
effective in these particular processes. 

When a cast material is treated with ultrasonic 
energy during solidification, the grain structure is 
refined (Figure 5), eliminating planes of weakness 
in the casting, and making the material more suscep- 
tible to forging on other working operations. Also, 
the segregation of alloy constituents can be reduced, 
producing more uniformity in the alloy, and in some 
instances, the melt becomes degassed, making pos- 
sible a less porous, more perfect casting. This tech- 
nique may allow the production of alloys not possi- 
ble with present methods. 

Ultrasonics has become an important tool in cut- 
ting, grinding, milling, machining, and drilling op- 
erations. In these applications, an abrasive slurry 
generally is deposited between the vibrating tool and 
the work piece. The slurry particles, driven by the 
tool tip, perform the desired chipping or cutting op- 
eration. This nonrotary motion is ideal for cutting 
irregularly shaped holes. 

Experiments show that hard materials that cannot 
be readily drilled by conventional means can be cut 
by this method. Even diamond has been removed at 
a practical rate using a diamond dust abrasive. Other 
materials that can be cut include hardened tool steel, 
carbide steel, ceramics, ferrites, germanium, silicon, 


Figure 5. By subjecting a metal to ultrasonic vibrations 
during the casting process, the grain structure can be refined 
(right), resulting in an improved material. 
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and various jewel stones. Softer materials are not 
readily cut or drilled by this technique because the 
slurry particles indent or are embedded in the soft 
surtaces. 

Materials such as aluminum and its alloys can 
easily be soldered or tinned with ultrasonics (Fig- 
ure 6). Cavitation set up by the vibrational waves in 


Figure 6. Ultrasonic tinning baths, now under test, can tin 
aluminum, ceramics, and even glass without flux or cleaning 
material. 


the solder removes the oxide from the surfaces. 
Once the oxide has been rmoved, the molten solder 
wets the base material. Both hand gun and dip bath 
operations are now being used. In all cases, the 
vibrating tool tip must be close to the surface, since 
cavitation intensity cannot be maintained for more 
than one-eighth to one-quarter inch from the tool 
tip. 

Materials can be welded ultrasonically without 
any auxiliary material. The parts to be joined are 
placed on an anvil; the vibrating element is lowered 
under pressure, and the reciprocating motion of the 
probe breaks off the oxide layer on the surfaces, and 
produces a pure cold-formed bond. An experimental 
seam welder operating on the same principle has 
also been constructed (Figure 7). Ultrasonic or sonic 
welau.g is particularly useful for joining dissimilar 
materials, such as copper and aluminum, that cannot 
be welded conveniently by other means. Also, thin 
foils can be joined easily. Generally, one of the mate- 
rials must have a thickness of 0.100 inch or less, but 
the thickness of the second material or component is 
not critical. The soldering, ti-ning, and welding proc- 


esses usually are accomplished in the 10- to 40-ke 
range. 

Ultrasonics has been used extensively for flaw de- 
tection and instrumentation purposes. The ability of 
high-frequency waves to “see” inside large castings 
and other solid materials makes it extremely useful. 
The principle is somewhat the same as that used in 
radar systems. The primary difference is that sound 
waves are used rather than electromagnetic waves. 
Frequencies above 500-kc and very low power levels 
are most suitable for this purpose. The high fre- 
quency makes possible a smaller transducer device, 
and more important, provides better resolution, al- 
lowing the detection of smaller flaws. In general, as 
the cross-sectional dimension of the flaw decreases 
below about one-eighth wavelength, detection be- 
comes difficult. 

In addition, sound waves are used in a number of 
other instrumentation operations including depth 
measurements, liquid-level sensing, flow-rate mea- 
surements, viscosity measurements, grain-size mea- 
surements, and thickness measurements. Most of 
these operations also require the use of a high-fre- 


Figure 7. Each wheel of this experimental ultrasonic seam 
welder vibrates in a flexural motion. The rubbing breaks off 
the oxide layer between the two aluminum strips and pro- 
duces a clean cold-formed bond. 
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quency transducer operating at a very low power it can be applied in many different ways, with com- 
level. A considerable amount of electronic gear gen- pletely different results. Many new ultrasonic de- 
erally is required in such systems to present the in- vices are now in the experimental stage and new ap- 
formation in a form that can be readily interpreted. plications constantly arise, which is a strong indica- 
SUMMARY tion that ultrasonic energy will become an important 

The fascinating aspect of ultrasonic energy is that and useful tool for industry. 


A dual-cycle, boiling water type nuclear power plant will be built at the 
mouth of the Garigliano River in Italy, approximately midway between 
Naples and Rome. The International General Electric Company won the 
bid in competition with eight other firms. The plant will have a net electrical 
capacity of 150,000 KW and it will contribute substantially to the electric 
power production in central and southern Italy. 

A steam-water mixture in the primary coolant loop at 990 psia will enter 
a steam separator from the reactor. About |!/2 million pounds per hour of 
steam, at about 99 per cent quality, will then enter the turbine throttle at a 
temperature of about 540°F. The primary water from the separator will 
then pass into a heat exchanger and produce nearly !/, million pounds per 
hour of secondary steam at 475 psia and 462°F., which will be introduced 
into a suitable stage in the turbine. 

The fuel is to be slightly enriched uranium dioxide, compressed into 
cylindrical pellets which will be encased in a zircaloy tubular jacket to 
comprise one fuel rod section. Four such sections joined by screw con- 
nectors will make one fuel rod, nearly ten feet in length. Thirty-six rods in 
a 6 X 6 square form an element, of which there will be 384, containing a 


total of 91,000 pounds of fuel. 
—from NUCLEAR ENGINEERING, May, 1959 
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SUMMARY 

A new theory for solving wedge-entry problems 
is utilized to give an approximate solution for the 
pressures and forces acting on blunt (small deadrise 
angle) straight sided wedges. Closed form analytical 
expressions are given for the maximum pressures, 
pressure at any point and total vertical force acting 
on a blunt symmetrical wedge entering an infinite 
ocean at constant vertical velocity. 


INTRODUCTION 

When a blunt straight-sided symmetrical wedge 
enters an infinite ocean at constant velocity, there are 
two points of peak pressure on the wedge. This effect 
occurs during slamming and the determination of 
these pressures is a problem of fundamental interest 
to Naval Engineers since the local hull structural 
design may be governed by these pressures. Figure 
1 shows a typical case and indicates that the high 
pressures occur at the point and also in the neigh- 
borhood of the curve of the free streamline. 

In this paper, the results of a previous study’ 
are given for the approximate values of the peak 
pressures, P, and P,. Also, the total vertical force 


and Sigma Xi and a Fellow of the A.A.A.S. 


acting on the wedge face is given. It will be shown 
that for blunt wedges (i.e., very small values of 8), 
to the approximation used herein, the pressures are 
given by, 


and 


Free Sreeamine (F5.) 


Figure 1. 
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PRESSURE ON WEDGES 


Figure 2. (b) 


The pressure at any point, é, on the wedge is given 
by (See Figure 3), 


and the total vertical force on one face is given by, 


PROCEDURE 


Consider a straight sided, infinitely long, two di- 
mensional wedge moving at constant vertical velocity 
v and entering an infinite ocean. (A theory identical 
to that which follows holds also for three dimens- 
ional wedges.) Equivalent in every way, but more 
convenient for our purposes, is the case of the wedge 
stationary and the ocean moving vertically upward 
with constant velocity v, and engulfing the wedge. 

In the physical x,y,t plane, this unsteady phenom- 
enon maps as shown in Figure 2a for times t=0, 


x 


t=t,, t=t.. If we introduce new coordinates, 


then in the (é, 7) plane the phenomenon is shown on 
the single map, as in Figure 2b. From this point on all 
statements refer to the (£, 7) plane, which, in analogy 
to a similar transformation with cone-shapes, we 
call the “conical” plane. 

Because of continuity, the following two conditions 


hold, 


(a) The fluid displaced by the wedge must ap- 
pear above the undisturbed free streamline 
position, or 


Volume o a b = Volume bc 


(b) The length of the free surface line remains 
constant with time, or 
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Figure 3. 


Length ab « = Length c 


A fundamental quantity in this formulation is the 
“reduced velocity, Q,” defined as 


in which 
q is the actual physical velocity at a point 
in the (&,7) plane 


r is the distance, in the (€, 7) plane, of 
this point from the origin. 


Because the flow is irrotational, a potential func- 
tion, ¢, exists, such that 


-q=- (u, 


In addition, it is shown that (because of continuity) 


everywhere on the field, and 


everywhere, with P and p the pressure and density, 
respectively. 


It may also be proven that, along the wedge face, 
P will be a maximum where Q=0. That is 

Pwax 

Yepv? 

Finally it is shown that on the F.S., at infinity 


occurs where Q=0. (11) 


There are many other relations and properties 
which hold for this formulation of the problem—see 
Reference 1. However, for our purposes, the above 
are sufficient, and we summarize them as follows: 
The solution for the unsteady flow problem of Figure 
2b requires finding a function, ¢ (£, 7) , which satisfies 


y 7 
| 
P-0 \\ 3 FS. 
(a) 
| 
7 
| — 
\ 
I 
: 
t 
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PRESSURE ON WEDGES 


(a) y?6=0, everywhere in the field 


(b) se =0, along the wedge face, where n is the 
n 


direction of the normal to the wedge 


at infinity 


aa along the free streamline 


(d)g= 
(since P=0 here). Hence 
v2 
(e)d=— the F.S. at 2% 


It is possible to obtain ¢ functions which satisfy all 
of the above except (d) by utilizing the potential 
flow solutions for classical, irrotational steady state 
motion. These may be taken as approximate solu- 
tions to the problem.* Having ¢, using Equations (8) 
and (10) we can obtain the pressure acting on the 
body. 

4 particular, the solution for the problem being 
considered herein may be obtained by utilizing the 
flat-plate potential solution.* The flow function, 
w, is given by 


w=$+i~=—ivY z?—d? 


and the application of the above relations to the stag- 
nation point, O, gives, (neglecting a higher order 
term) 


To find the peak pressure at A, we approximate 
the free streamline. To this approximation, and be- 
cause 8-0, the peak pressure will occur between A 
and B, since Q= (q-r) =0 here.* 

It will be sufficiently accurate to assume Q,=0. 
Therefore, from Equation (10), 


2 
) — "4A —* higher order terms 
MAX p 2 


*In essence, we have solutions which satisfy the field equations 
and all the boundary conditions except those along the F.S. (except 
at infinity). This is typical of all approximate wedge entry solutions. 


+For the conditions of Figure 3. 


Qp=2r,,>T, 
Vv 
< 


Q=q—r=0 between A and B 


Now, utilizing the continuity requirements (5) 
and (6) we find for the case of Figure 3, 


so that 


In order to determine the total vertical force act- 
ing on the body, it will be necessary that the pres- 
sure over the entire wedge be integrated and the 
vertical component of the force taken. Recalling that 


and using Equation (10) along the wedge face, we find 
that at any point é, the pressure is given by, 


P \2 2 2 


The total vertical force is then obtained by integrat- 
ing Equation (3) along the wedge face and taking the 
vertical component of the result. This is a straight for- 
ward integration and leads at once to the following ex- 
pression for P,, the vertical force on one face of the 


CONCLUSION 


By utilizing various newly derived relations, ap- 
proximate expressions were obtained for the two 
peak pressure points on straight-sided symmetrical 
wedges entering an infinite ocean at constant veloc- 
ity, and also for the total vertical force on one face 


of this wedge.* 


*The analysis presented herein neglects compressibility effects of 
the fluid. In general this is a reasonable assumption. However, there 
is a very short time period immediately following impact when 
compressibility effects are important. A solution for this phase of 
the impact phenomenon is presented in a paper by the author “In- 
itial Wedge Impact on a Compressible Fluid.” Journal of Applied 
Physics, September, 1959. 
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A new electro-chemical device has been developed by the Naval 
Ordnance Laboratory. Called a solion, the device can perform many of 
the functions of the transistor. The electrical charge is transported by ions 
in solution rather than by electrons, as in the transistor and vacuum tube. 
It is said to be extremely sensitive to low energy stimuli, simple to operate, 
easy to manufacture and to possess inherent stability and long life. Several 
types have been devised which can be combined for use as very low fre- 
quency amplifiers, long period oscillators, and other special devices. 


—from NAVAL RESEARCH REVIEWS 
May, 1959 


A process of controlling the growth of dendritic germanium crystals has 
been developed by Westinghouse scientists. In this process, the german- 
ium is produced in thin, uniform, flat ribbons, the surfaces of which have 
a near perfect molecular arrangement which produces a mirror finish. Thus 
transistors made from the ribbon require no costly and laborious grinding 
and polishing to produce the desired dimensions, which wastes as much as 
80%, of ingot germanium in conventional transitor production. This proc- 
ess was developed as a part of a broad effort in the field of molecular 
engineering which is aimed at improved electronic reliability and a drastic 
reduction in electronic equipment size and power requirements. 


—from WESTINGHOUSE ENGINEER 
July, 1959 


The Mississippi Shipping Company has ordered three ships of the Friede 
and Goldman, Inc. "‘all-hatch"’ design. Combining an engine aft arrange- 
ment with a triple-hatch arrangement in each hold and fast-acting cranes, 
the design accentuates rapid and efficient cargo handling. Toward this end, 
the crew and passenger spaces are placed well forward, which makes the 
entire full middle body section available for cargo storage. Two of the holds 
will be serviced by a 60 ton boom. Essential features are: 


Length, over-all 506 ft. 
Beam 70 ft. 
Draft 28 ft. 
Displacement 16800 tons 
Deadweight tonnage 10930 
3 SHP, max. cont. 10600 
} Speed, 80% SHP 18 kts. 
| —from MARINE ENGINEERING /LOG 
May, 1959 
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a is universal throughout the world that the main 
effort in pure research is in the universities. Govern- 
ment and industrial laboratories frequently set some 
effort aside for purely scientific studies with no im- 
mediate application in view, but the sum total of their 
efforts in this direction is probably less than that in 
the universities. Applied research is the first objective 
of the industrial research laboratory which is mainly 
set up to improve the products and the processes of 
a company and create new ones. Government labora- 
tories, especially those engaged on defense work, 
necessarily devote most of their effort to applied re- 
search. There are, however, other facilities for ap- 
plied research which vary in different countries; 
some in cooperative research laboratories, and some 
in institutes for sponsored research. Nowhere can a 
hard and fast line be drawn as to what is and what 
is not suitable research for a particular kind of lab- 
oratory. Some highly important results have accrued 
from the substantial effort devoted by some large in- 
dustrial laboratories to the purest of pure research. 
Universities, on the other hand, have made valuable 
contributions to technology, but I am not in general 
in favor of the undertaking of applied research in 
universities. University post-graduate work is mainly 
a training—a training in both manipulation and in a 
habit of thought—and the student should not be 
closely tied to the restricted course essential in solving 
an industrial problem. More important than this is 


the necessity to maintain sufficient effort on funda- 
mental work, and complete freedom in university re- 
search is a major contribution to this end. The higher 
educational institutions should give the greatest at- 
tention to quality and to making the best use of the 
exceptional individual. 

The institute for sponsored research is generally 
confined to applied research, since its object is to give 
service to a particular client, but in some cases work 
of a basic kind is carried out, financed by profits or, 
in the case of the Mellon Institute, by endowment. 
My main object is to try and discover how the re- 
search effort of different countries is utilized for 
these various purposes, what the total effort is, who 
provides the money and where and how it is spent. 
Unfortunately, statistics are too meager to permit me 
to do this properly. Figures for the United Kingdom 
and for the United States of America are fairly good, 
but only when related to 1955-56; in other countries 
the gaps get wider and wider. 

A country’s research effort can be measured in 
various ways and in what follows I have tried two 
methods of assessment: (1) the proportion of a coun- 
try’s scientific manpower devoted to research, and 
(2) the ratio of a country’s research expenditure to 
the value of either its gross national product or the 
net output of industry, which I take to be roughly the 
sales less raw materials cost. Where G.N.P. is used 
it must be remembered that this figure includes min- 
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erals and agricultural products as well as “invisible 
exports” like shipping and insurance. In highly in- 
dustrialized countries like the United Kingdom or 
Belgium, where 50 per cent of the active population 
are engaged in industry, the value of the output of 
industry is a larger part of the G.N.P. than in more 
agricultural countries like France, the U.S.A. or the 
U.S.S.R., in which the proportion of the active popu- 
lation in industry is nearer 35 per cent. The figures 
given below are approximate and I have made a lot 
of simplifying assumptions, but I believe the broad 
picture to be correct. 

In what follows, the word “research” is used to 
cover what is rather loosely known as “research and 
development” and by “scientists” I mean persons 
with university degrees or their equivalents in pure 
or applied science, including engineers. I recognize 
there are differences in standards in different coun- 
tries but have had to ignore this. I have not men- 
tioned all the countries for which information exists, 
but have tried to select as examples countries where 
the organizations for carrying out research vary con- 
siderably. 


THE UNITED KINGDOM 

Research in the United Kingdom is organized rela- 
tively simply, primarily through the Government on 
the one hand and private and nationalized industries 
on the other. United Kingdom research expenditure 
in 1955/56 totalled £300 million, or 1.5 per cent of the 
gross national product. The Government operates 
through the Defense Departments which maintain 
their own laboratories and finance substantial 
amounts of work elsewhere; the University Grants 
Committee which provides the majority of finance 
for university research; and the Lord President of the 
Council who administers the Agricultural Research 
Council, the Medical Research Council (with neither 
of which am I further concerned) and the Depart- 
ment of Scientific and Industrial Research. Of the 
£300 million mentioned above, £225 million came 
from the Government; £90,000,000 was spent in its 
own laboratories, £ 15,000,000 in the universities, and 
£120 million in the research laboratories of national- 
ized or private industry. The D.S.I.R. spends some 
£5,000,000 in its own research stations which employ 
about 1300 qualified scientists. These stations serve 
those sections of industry which are of great national 
importance, but which are not easily organized on a 
co-operative basis, as for example, building, me- 
chanical engineering, road research, or provide 
fundamental data, e.g. the National Physical and 
Chemical Laboratories. The D.S.I.R. also sponsors 
and supports financially (to the tune of £1,600,000 
in 1957) the co-operative research associations which 
until recently have been a unique feature of British 
research organization. There are over forty of these 
associations, those concerned with non-ferrous metals 
and with welding being the only ones dealing directly 
with the industries represented in this Institute. The 
help from the D.S.LR. in financing post-graduate re- 
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search students and in providing special grants for 
modern and in many cases expensive equipment is 
of great importance. 

Industry spent £70,000,000 of its own money in its 
research laboratories and some £5,000,000 in the re- 
search association. This total of £75,000,000 is half 
of 1 per cent of the value of G.N.P. and 0.8 per cent 
of the value of industrial output, and was 40 per 
cent of the total amount spent in its own labora- 
tories, the remainder coming from Government 
contracts, mainly defense. 

The distribution of expenditure on research in 
different sections of industry varies widely. Aircraft 
is by far the largest, spending in 1956 an amount equal 
to 35 per cent of its net output on research and de- 
velopment. The average for all other industries is 2 
per cent of net output of firms employing more than 
100 people, with variations of from 0.1 per cent for 
the clothing industry to 6.8 per cent for electrical 
engineering. These, of course, include Government 
expenditure in industrial laboratories which, on the 
average, would probably be about half the total ex- 
penditure of the manufacturing industries if we pre- 
sume aircraft is in a special position and is more 
heavily financed by the Government. 

The total number of qualified scientists in the 
United Kingdom in 1956 was 140,000, of which manu- 
facturing industry employed altogether 55,000. The 
total number of scientists engaged on research and 
development was 47,000 if it is assumed that half the 
time of university teaching staff in science depart- 
ments is devoted to research. If the 29,000 scientists 
employed on research and development in British in- 
dustry are divided in accordance with expenditure 
between Government-sponsored and industry-fin- 
anced work we arrive at the conclusion that not more 
than 10,000 scientists were engaged by British in- 
dustry in 1956 on research work for its own purposes. 
If it is assumed, at the other extreme, that all aircraft 
research and development was paid for by Govern- 
ment there would be some 17,500 scientists engaged 
in British industry on research for its own purposes 
—a figure of 15,000 is probably fairly near the truth. 
The research associations employed 1500 of these and 
thus constituted an important section of industrial 
research although their combined incomes equal only 
2 per cent of the country’s gross research expenditure. 


THE U.S.A. 

In the United States of America no central body 
existed for the co-ordination of research, like the 
D.S.LR. in this country, until a few months ago, when 
the President established a new Federal Council for 
Science and Technology to promote closer co-opera- 
tion among Federal agencies in planning their re- 
search programs. There are over twenty departments 
and agencies of the Federal Government which in- 
clude estimates for research in their annual budgets. 
While departments do a certain amount of research 
in their own laboratories the general trend is to- 
wards decentralization, e.g. the placing of contracts 
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in universities, research foundations and in industry. 
The majority of the Government research expendi- 
ture is naturally related to defense, and, in 1957, 48 
per cent of Government work was carried out in 
industrial laboratories and 17 per cent in non-profit 
institutions, mainly the universities. 

The total research expenditure in the U.S.A. in 
1956 (9,000 million dollars) was equivalent to 2.3 per 
cent of the value of the G.N.P.; 37 per cent of this 
(3.3 billion dollars or 0.85 per cent of the G.N.P.) was 
spent by industry for research on its own problems. 
I have no clear idea how much university research is 
government or industry sponsored, but it is interest- 
ing to note that the independent research institutes, 
such as Mel}lon, Battelle and Armour, of which so 
much is heard, accounted in 1952 for only 2 per cent 
of the total research expenditure of the U.S.A. About 
half this was provided by Government and the bulk 
of the remainder by industry for specific projects, the 
results of which are confidential to the sponsor. These 
institutes offer to provide research facilities to the 
small firm whose resources do not permit the setting 
up of its own research organization, but their services 
are in fact more used by the larger companies. 

The U.S.A. has in recent years seen some growth 
of co-operation in the support of research. In 1953, 
20,000,000 dollars was spent by co-operative organi- 
zations in this way, the main source of funds being 
trade associations. The Department of Commerce is 
said to be trying to promote co-operative research 
through trade associations, and progress in this di- 
rection will be watched with interest. 

Out of 750,000 scientists in America the number 
employed in industry in 1954 was 550,000; of these 
157,000 were engaged in research. About 100,000 of 
them were employed by U.S. industry on its own 
problems, or about three times as many as were so 
engaged in this country in proportion to the number 
of the population (160 million in U.S.A.) . An interest- 
ing sidelight is that of the total 157,000 scientists en- 
gaged in research in the U.S.A. two-thirds are engi- 
neers, compared with one-half in the United Kingdom 
total. 

FRANCE 

Apart from state laboratories the French Govern- 
ment exercises a close control over much research 
through the Minister for Industry, who is concerned 
with research in those basic industries such as coal, 
electricity and gas which are nationalized in France, 
and the Minister for Education, who not only con- 
cerns himself with research in educational institu- 
tions but also controls the National Center of Scien- 
tific Research (C.N.R.S.). This organization covers 
natural, medical and “humanistic” sciences and em- 
ploys some 2500 scientists in fifteen large laboratories 
and a number of smaller ones in which both funda- 
mental and applied research is carried out with con- 
siderable freedom of action to the individual director. 

A most interesting development is the Corporate 
Research Centers set up by branches of industry to 


serve the trade concerned as a whole or individual 
undertakings. The state has supervisory functions 
but, like our D.S.I.R. with Research Associations, 
rarely interferes with the administrative boards of 
industrialists. Unlike the research associations, how- 
ever, they are entirely financed by industry. The 
methods of financing these centers vary widely but 
are mainly based on statutory levies which are said 
to be paid by over 90 per cent of industry. Thus, the 
French Petroleum Institute (I.F.P.) is financed by a 
sales tax on petrol, the Foundry Center (C.T.LF.) by 
a levy on turnover added to the invoice for castings, 
and the Ironworks Research Institute (I.R.S.I.D.) by 
a sales tax on ordinary steel. The Foundry Center, of 
which I know most, has an income from a levy of 
approximately £500,000 per annum which is equiv- 
alent to about £5 per annum for every worker em- 
ployed in the industry. This Center probably devotes 
less than half its resources to research, the main work 
of its central and nine regional laboratories being in 
the provision of routine analytical and testing facili- 
ties for the entire French foundry industry. It has a 
technical staff capable of assisting foundries with 
problems encountered in day-to-day production and 
provides library and information services. The pro- 
fessional research organizations such as the Centers 
Techniques, over forty in number, have staffs 
totalling over 3000. 

France’s total research expenditure amounts to 
0.6 per cent of the G.N.P. if we exclude the univers- 
ities for which figures are not available. Of this 
amount industry is said to contribute only about 12 
per cent, but I suspect the expenditure on the Centers 
Techniques should be added to this. I have no figures 
for the proportion of French scientists engaged in 
research. There seem to be about 150,000 scientists 
engaged in French industry—much the same propor- 
tion as in the United Kingdom—but further break- 
down is difficult. 

GERMANY 

The Federal German Government plays its part 
through its own laboratories such as the Physical 
Technical Federal Institute and through grants to a 
large number of institutions. The Land governments 
make some financial contribution to the Max Planck 
Society for the Promotion of Science. In pre-war 
days the Institutes of the K.W.I. were well known 
and after the war thirty-five of these research insti- 
tutes were re-organized in Western Germany and 
supported by the eleven Lander which jointly finance 
the Max Planck Society. Much of the work done in 
these Max Planck Institutes is financed by industry. 
For instance, the Verein Deutscher Eisenhiittenleute 
(the German Iron and Steel Institute) has a number 
of technical committees which collaborate very 
closely with the Max Planck Institute for Eisenfor- 
schung where the industry, either through the Insti- 
tute or the individual companies, finances a lot of the 
work. The directors of these research institutes have 
complete academic freedom and the visit which we 
made to Stuttgart two years ago and the Autumn 
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Lecture which we then heard from Dr. Késter will 
have given members some idea of the kind of work 
handled in these institutes. 

Two other organizations play a part on a national 
scale, the Forschungsgemeinschaft (an organization 
of scientific* and educational institutions) and the 
Stifterverband (a League of Benefactors for German 
Science). The first of these receives funds from Gov- 
ernment and from subscribers, which are utilized to 
support individuals working on projects which are 
beyond their own financial capacity. The second 
raises money from trade associations and private 
firms and uses this to finance projects of fundamental 
or applied nature. 

There is a great tendency to encourage donors to 
contribute to the Stifterverband whose views are 
listened to with increasing respect by Government 
and industry in Germany. The number of firms and 
organizations contributing is between 3000 and 4000, 
about half of whom have now accepted the new 
slogan “One per cent of profits to the Stifterverband.” 

The research work of the industrial laboratories in 
Germany is now supported by an interesting recent 
development in co-operative research associations 
similar in principle to those which have hitherto only 
existed in the United Kingdom. There are now nearly 
forty of these associations, but the scope of individual 
ones is generally rather more restricted. For instance, 
in the metallurgical field there are six such associa- 
tions dealing respectively with sheet metal, iron 
founding, drop forging, casting, hardness and heat 
treatment, wire drawing and cold rolling. These as- 
sociations accounted in 1957 for 5 per cent of the 
industry’s total expenditure on research and their 
future development will be watched with interest. 

German industry’s research expenditure in these 
various ways amounted in 1956 to over DM.800 mil- 
lion, about 0.45 per cent of the G.N.P. If we make 
some estimate of the expenditure of the Lander, the 
Federal. Land and Municipal Government spend an- 
other DM.650 million bringing the whole research 
expenditure to over 0.8 per cent of the G.N.P. 


HOLLAND 

While a number of the large industries maintain 
private research laboratories, Holland is of special 
interest for the two Government created organiza- 
tions which look after research—the Organization for 
Pure Science (Z.W.O.) grants fellowships and sub- 
sidizes university research while the Central Na- 
tional Organization for Applied Scientifiic Research 
(T.N.O.) is responsible for ensuring that applied re- 
search serves the public need. T.N.O., which is gov- 
erned half by representatives of the scientific world 
and half by representatives of industry, runs about 
forty research institutes, including one devoted to 
metals and one to corrosion, and supports suitable 


*It must be remembered that the German word “Wissen- 
schaft” which is generally translated “science” includes 


humanities. 
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research projects elsewhere. These institutes are 
financed partly by direct Government grants, which 
are usually earmarked for basic research, and mainly 
by industrial contributions. These can be used by the 
institutes for co-operative programs or for a collection 
of individually sponsored projects, or both. 

Holland has a particularly difficult situation in that 
162,000 of its 172,000 firms employ less than ten people 
and only ninety-four firms employ more than 1000. 
Co-operation is growing in research and in some 
instances separate co-operative industrial labora- 
tories have been stimulated by the work of the T.N.O. 
More than half the total research expenditure of the 
country in 1956 was incurred by industry. 


SCANDINAVIA 

As elsewhere, state assistance to research in Scan- 
dinavia has increased enormously since the war, 
although a much larger proportion of the working 
population is employed in agriculture in those coun- 
tries than in Great Britain or North America and 
less research effort is directed towards manufacturing 
industry. In Norway, the Government finances re- 
search by normal grants from the state and by the 
novel step of the devotion to this purpose of a propor- 
tion of the profits of national football pools based, I 
believe, on United Kingdom league games! The 
Royal Norwegian Council for Scientific and Indus- 
trial Research operates a number of Research In- 
stitutes such as atomic energy, seaweed, building, 
and a Central Institute for Industrial Research, 
modelled to some extent on the American sponsored 
institutes, while other similar councils deal with ag- 
riculture and humanistic and medical sciences. In 
addition there are one or two private research or- 
ganizations with certain limited funds available for 
use as grants to research workers and some co-op- 
erative research establishments which have made 
considerable progress since 1948. None of these 
operate in the metallurgical field. 

In Sweden the learned societies headed by the 
Royal Swedish Academy of Science, supported partly 
by the state and partly from private funds, to some 
extent initiate and co-ordinate research and publish 
results. The state has set up four research councils 
to follow the research activities in Sweden within 
their fields and promote research by grants for 
definite research projects; the three biggest of these 
deal with natural science, technical research and 
medicine. 

Research in the universities and institutes of tech- 
nology, is financed mainly by research councils and 
state agencies and partly by industry, but there are 
also a number of research institutes operating in 
particular fields which are mainly financed by in- 
dustry. In our own field the Metallografiska Insti- 
tutet is the interesting one operating in the general 
(largely ferrous) metallurgical field from Stockholm. 
The part played by Jernkontoret in Swedish metal- 
lurgical research i; particularly interesting. This 
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Swedish Iron Masters’ Association, founded over 200 
years ago, organizes research on a considerable scale. 
The industry provides the funds, Jernkontoret or- 
ganizes a number of research committees and the 
work is placed in industrial laboratories, works de- 
partments and particularly in the Metallografiska 
Institutet and the various departments of the Royal 
Institute of Technology in Stockholm. 

Denmark relies heavily on universities and on the 
institutions through which the Academy of the Tech- 
nical Sciences works. Some twelve such organizations 
work in fields of technology—the Danish Laboratory 
for Welding being an example—and most of the work- 
ing expenses are met by industry. Denmark is also 


fortunate not only in the well-known products of . 


Carlsberg but in the funds provided by this bene- 
ficent organization for endowing the Carlsberg 
Foundation for extending knowledge in brewing, 
biology and in natural sciences. 


RUSSIA 


One would very much like to compare the picture 
in Western Europe and in America with that in Rus- 
sia, but it is difficult to find sufficient facts to make 
such a statistical comparison. One thing we do know 
from such information as has been gleaned from all 
the available sources is that the percentage of re- 
search expenditure to G.N.P. is probably at least as 
high in the U.S.S.R. as it is in the U.S.A. Most of the 
money comes as an appropriation in the State Budget, 
with another 20 per cent or so directly from industry. 
On scientific manpower there is some information 
which suggests that in 1954 there were 700,000 quali- 
fied scientists in Russia, apart from agriculture, of 
whom about 100,000 were employed in research and 
development 


The population of Russia (200 million) is larger 
than that of the U.S.A. and on this basis one might 
assume that a few years ago the Russian research 
and development effort was about half that of the 
U.S.A. Russia is, however, training scientists more 
rapidly than anyone else. The organization aims to 
prepare a scientist highly qualified in a specialist field. 
The normal course of training is about five and a 
half years, which includes something like three years 
of specialization. In the metallurgical field, specializa- 
tion of a ferrous metallurgist might be restricted to 
the blast-furnace or to open hearth metallurgy. This 
scheme, it has been stated by Holloman, works well 
now, but in ten years’ time these “narrow people are 
likely to be unsuited for the further development of 
the metallurgical industry.” The rate at which people 
trained in this way are turned out is, however, quite 
striking. In 1954, 70,000 scientists, excluding agri- 
culture and medicine, successfully completed a five 
and a half year course of training. This compares with 
36,000 in the U.S.A. and 11,000 in the United King- 
dom. These figures must not be taken as strictly 
comparable because of differences in standards and 
qualifications. Research in Russia is carried out 


mainly in large centralized research laboratories such 


as those connected with the Academy of Sciences and 
more particularly the industrial laboratories set up 
to study the problems of the country and industry 
as a whole rather than the problems of a particular 
company or an industrial segment. 

Scientists in Russia are, however, treated as per- 
sons of importance. Not only are they rewarded more 
attractively than most other workers, but again, ac- 
cording to Holloman, they can translate research into 
practice more quickly because the country has 
greater confidence in scientists and in their contribu- 
tion to society. 


A one-ton boat designed to act as a test vehicle for supercavitating 
hydrofoils and supercavitating propellers is under development by the 
Navy. The craft is 24 feet in length and is expected to attain a speed of 
60 knots. Built at Dynamic Developments, Inc., the boat will be powered 
by a General Electric T-58 aircraft type gas turbine. 


—from BUREAU OF SHIPS JOURNAL 
May, 1959 
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U. S. S. Wilson (DDG-7) is 
shown before, during, and after 
her side-launching in the se- 
quence of photographs. The 
launching took place on April 
22, 1959 at the Defoe Shipbuild- 
ing Company, Bay City, Mich- 
igan. Wilson is the first de- 
stroyer type built on the Great 
Lakes and is expected to be the 
first combatant ship to be de- 
livered to the fleet via the St. 
Lawrence Waterway. 
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HARRY E. YARNELL 


The Society’s twenty-sixth 
President, Admiral Harry E. 
Yarnell, U. S. Navy, Retired, 
died on the seventh of July in 
his 84th year. 


Admiral Yarnell is best re- 
membered, by the people with 
whom he served for nearly 45 
years of active duty, for his 
forthright statesmanship while 
he was Commander-in-Chief of 
the Asiatic Fleet. He served in this command during those critical years from 
1936 to 1939 when the Pacific phase of World War II was in the making. His 
firmness in dealing with the Japanese in every situation, which included the 
sinking of the “Panay” on the Yangtse river in 1937 and the warning by the 
Japanese to evacuate Swatow in 1939, probably delayed the war which he be- 
lieved to be inevitable to a period when the United States was basically much 
more capable of waging it. 


Admiral Yarnell’s active duty began when he graduated from the Naval Acad- 
emy in 1897. He saw combat duty in the Spanish American War, the Boxer Re- 


bellion and the occupation of Vera Cruz. Although he retired in 1939 he was 
recalled for active duty during World War II and served in special capacities in 


Washington from 1941 to 1944. 


He graduated fourth in his class at the Naval Academy at the time that engi- 
neering cadets had been eliminated and the Engineering Corps was in the process 
of abolishment and so necessarily entered the service as an unrestricted line 
officer. In September 1928 he was appointed Chief of the Bureau of Engineering 
and Engineer-in-Chief of the Navy and served with distinction until May 1931. 


Admiral Yarnell joined the Society in 1909 and was elected its President in 
1929 and reelected in 1930. 
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SECRETARY’S NOTES 


NOTICE 


As stated in the Secretary’s Notes relief has been granted for dues of mem- 
bers of the American Society of Naval Engineers who are subject to the 
British income tax. This was done at our request and we have been told that 
those seeking this relief should follow these instructions: 

“Commencing with the year to 5 April, 1959, a member who is assessable to 
income tax under Schedule E in respect of the emoluments of an office or em- 

; ployment is entitled to a deduction from those emoluments of the whole of the 
annual subscription which is due and payable by him to the society in the 
income tax year provided that— 

(a) the subscription is defrayed out of the emoluments of the office or em- 
ployment, and, 

(b) the activities of the society so far as they are directed to all or any of the 
following objects— 

(i) the advancement or spreading of knowledge (whether generally or 
among persons belonging to the same or similar professions or oc- 
cupying the same or similar positions) : 

(ii) the maintenance or improvement of standards of conduct and com- 
petence among the members of any profession; 

(iii) the indemnification or protection of members of any profession 
against claims in respect of liabilities incurred by them in the exer- 
cise of their profession; 

are relevant to the office or employment, that is to say, the performance of 
the duties of the office or employment is directly affected by the knowledge 
concerned or involves the exercise of the profession concerned. 

A member of the society who is entitled to the relief should apply to his tax 
office as soon as possible for form P358 on which to make a claim for adjust- 
ment of his pay as you earn coding.” 


570 A.S.N.E. Journal, August 1959 


‘ 
| 
t 
if 


BOOK REVIEWS & NOTICES 


LOGISTICS IN THE NATIONAL DEFENSE 


By 


Rear Admiral Henry E. Eccles, U.S. Navy, Retired 
Foreword by 
Dr. Henry M. Wriston, 
President of the American Assembly, 
Columbia University 

Published by 

The Stackpole Company 

(formerly The Military Service Publishing Co.) 
Harrisburg, Pennsylvania 


329 pages 


This book, if read and assimilated by enough of 
the right people in the United States could have a 
very profound effect on the future of the country. 
It might well be required reading for every civilian 
or military executive who may ever be faced with 
decisions which could affect the defense posture of 
the country during periods of preparation or of 
readiness for or of execution of war. 

It is a thinking man’s book without a filter. Ad- 
miral Eccles presents no formulae of specific action 
nor any rosy-hued picture of satisfactoriness. He 
makes it quite clear that if the right people give full 
consideration to the right things the dangers of 
economic disaster before or during a war on ac- 
count of the cost of the military establishment and 
of disaster in war can be reduced. 

His many historical references which add much 
to the interest and ease of reading of the book make 
it quite clear how much the cost of faulty decisions 
in the past has been and how easy it is to visualize 
exactly the same kind of faulty decisions being 
made today and tomorrow. 

Admiral Eccles makes strikingly clear how many 


$5.00 


intangibles there are in the wide field of logistics 
which is variously defined but probably as well, 
broadly, in the following quotation from Ballantine 
“As the link between the war front and the 
home front the logistic process is at once the 
military element in the nation’s economy and 
the economic element in its military operations” 
as it can be done. 

He leaves no doubt that the intangibles cannot be 
glossed over nor taken for granted. They cannot be 
taken care of by formalism. Only when the com- 
mander or executive considers them all in the cir- 
cumstances of the moment and makes his decisions 
with full consideration of the effects and counter- 
effects and cross-effects of the intangibles as well as 
the tangibles, can the optimum effect be obtained. 

This reviewer knows of no other individual who 
possesses the combination of experience, erudition, 
intuitive research instinct applied to reading and 
ability to write which make Admiral Eccles the 
natural author of this book. As a professional mili- 
tary man he has successfully bridged the gap which 
sometimes separates his class from the rest of the 
world. 
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BOOK REVIEWS AND NOTICES 


HELICOPTERS AND AUTOGYROS OF THE 
WORLD 
By LAMBERMONT with ANTHONY PIRIE 
Published in 1959 by 
Philosophical Library, Inc. 
15 East 40th Street, New York 16, N. Y. 


Price $10.00 


255 pages of texts and illustrations 


Reviewed by W. E. BropowskI, 
Ship Design Division, Bureau of Ships 


The helicopter is without a doubt the most utili- 
tarian aircraft in the world today. With its rise in 
importance and popularity has come the need for a 
reference or catalog of the many types now in exist- 
ence. This is precisely what the author has done in 
this comprehensive study of helicopters and auto- 
gyros. 

For the practicing aeronautical engineer this vol- 
ume is an ideal reference. For the person somewhat 
familiar with aircraft and interested in the design 
and the history of the design of helicopters and auto- 
gyros, it is an excellent starting point. It is under- 
standable that in a work of this magnitude the 
amount of detail must be limited to the vital statistics. 
These are given in tabular form. It is regrettable, 
however, that the author did not include a bibliog- 
raphy; particularly since, in his capacity as editor of 
the monthly bulletin of the International Aeronaut- 
ical Federation, he has had every opportunity to 
obtain the most accurate and complete information 


on the world’s helicopters. A check of a few well- 
known American designs bears out the accuracy of 
the technical details included. 

To assure ready reference, the products of each of 
twenty-two nations dealt with are treated in separ- 
ate sections. Each section is then subdivided accord- 
ing to the manufacturer and further to each machine. 
In all, some 170 manufacturers and over 425 machines 
are included. 

The catalog is prefaced by a 5 page historical 
survey which briefly summarizes only the most sig- 
nificant attempts at rotary wing flight. 

Also included in the volume are: a complete list of 
recognized records and record holders; official defini- 
tions of the types of rotary wing craft; 133 illustra- 
tions; and an index of personalities. 

The principal value of this book lies in the fact that 
its comprehensive list of helicopters and the most 
pertinent details of each are assembled within a single 
cover. 


HIGH ALTITUDE AND SATELLITE ROCKETS 


A Symposium sponsored by 
The Royal Aeronautical Society 
The British Interplanetary Society 
and The College of Aeronautics 
held at Cranfield, England, 18-20 July 1957 
Published in 1959 by 
The Philosophical Library, Inc. 
15 East 40th Street, New York 16, New York 


Price $15.00 


The Proceedings of the first Symposium on high 
altitude and satellite rockets to be held in Great 
Britain, before the Russian and American satellites 
were iaunched, was attended by some 200 delegates 
from six countries. 

The 12 papers in this Proceedings, by British and 
American authors, are of interest to all those wishing 
to learn something of the problems of high altitude 
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136 pages 


flight. They deal with some of the design problems 
and the propulsion problems of high altitude rockets, 
recovery after re-entry, high temperature materials, 
instrumentation, telemetry and guidance and some 
of the human problems of flight beyond the atmo- 
sphere: one paper describes the British Skylark 
upper atmosphere sounding rocket and another the 
American Vanguard satellite launching vehicle. 
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BOOK REVIEWS AND NOTICES 


THE UPPER ATMOSPHERE 
By H. S. W. Massey and R. L. F. Boyp 
Published in 1959 by 
Philosophical Library, Inc. 
15 East 40th Street, New York 16, N. Y. 


Price $17.50 


This is an authoritative account of the phenomena 
of the upper atmosphere studied during the Inter- 
national Geophysical Year. Present-day knowledge 
of the subject is outlined and the techniques used in 
investigation are fully described. These include the 
use of Sound and Radiowaves, Spectroscopic devices, 
Searchlights, Balloons, Rockets and Artificial Satel- 
lites. Methods of finding the positions and speeds of 
rockets and satellites, and of interpreting their coded 
signals, are explained. 

Among the phenomena to receive detailed atten- 
tion are Radio Fadeout, Radio Absorption, Night Air- 
glow, Aurorae, Meteors, Cosmic Rays, and currents 


333 pages 


responsible for Magnetic Variations. The effects pro- 
duced in the atmosphere by the sun, which include 
the ionized regions so important for long-distance 
radio transmissions, are described in relation to solar 
phenomena. 

Subjects such as these cannot be explained without 
the use of mathematics, though there is nothing in 
this book requiring advanced knowledge and some 
chapters succeed in avoiding mathematical exposi- 
tion altogether. This is a book for students, for scien- 
tists in other fields who require a reliable outline of 
the subject, and for those technically interested in 
space travel. 


ELECTRICAL SAFETY 
By H. W. Swann 
Published in 1959 by 
Philosophical Library, Inc. 
15 East 40th Street, New York 16, N. Y. 


Price $15.00 


101 Illustrations, 292 Pages 


Reviewed by James J. Mover 
Electrical Engineer, Ship Design Division 
Bureau of Ships 


At last a book has been written which describes in 
a language not too technical the chief causes of elec- 
trical accidents and the means to avoid them. Al- 
though the author declares that the book is intended 
for engineers, it is written in such a clear manner as 
to be an excellent reference for the layman also. 

Since the main theme is the preservation of human 
life, any emphasis on its practical value would be 
superfluous. And, although it describes British prac- 
tice, the principles involved have world-wide ap- 
plication. 

The author, H. M. Senior Electrical Inspector of 
Factories and Electrical Adviser to the British Home 
Office from 1922 to 1953, attracts the reader’s interest 
in the first chapter by presenting a brief history on 
electrical accidents with some interesting statistics 
on fatalities both industrial and domestic. The chief 
cause of these accidents, as any others, is attributed 
to carelessness and the need for safety education is 
stressed. 

Chapter two describes the physical aspects of elec- 


tricity. The passage of one-tenth of an ampere for a 
fraction of a second through the cardiac region may 
be fatal. The writer points out that although artificial 
respiration may be satisfactory in restoring the 
breathing of a drowning casualty, some means of ap- 
plying either a mechanical or electrical counter shock 
should be developed for restoring consciousness to a 
victim of electrical shock. 

In the succeeding chapters the author discusses the 
Electricity Regulations and how the proper interpre- 
tation and application of those regulations promote 
electrical safety. One of the chief causes of fire on 
ships during the latter stage of construction is the 
absence of a good solid ground (referred to as earth 
in England) to the piece being worked in an arc weld- 
ing process. Also, electrical shocks have been experi- 
enced on shipboard due to a difference of potential 
between the ship and a dockside crane or wire rope, 
indicating that a floating ship is not as well grounded 
as some may like to believe. 

The chapter dealing with the regulation on auto- 
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BOOK REVIEWS AND NOTICES 


matic protection by means of circuit breakers, fuses 
and grounding of portable tools is of special interest 
to the home-owner and do-it-yourself man. The im- 
portance of low-impedance grounding is stressed. 

Chapter eight is one of the most interesting and 
important in the book; it deals with the regulation 
regarding exposure of electrical equipment to inflam- 
mable surroundings or explosive atmosphere. The 
use of flameproof equipment is indicated as essential 
in this type of environment. The gravity of this regu- 
lation lies in the devastating effect an explosion 
usually has in chemical and gas installations. The 
author includes many vivid descriptions of actual 
accidents caused by violation of the electrical regula- 
tions. One such illustration involved the loss of eleven 
large bombers during the war. A small open-type 
electric motor has been improvised for pumping 
gasoline into the carburetor of a standing aircraft to 
test for adequate flow. Another danger area dealt 
with extensively is the medical operating room where 
the possibility of anaesthetic explosions exists. 

The final chapter deals with a hazard which is ever 
present and yet not given much serious thought, 
namely, static electricity. Means of minimizing this 
condition in danger areas, again where explosive 
vapors may be present, are indicated. The author 


points out that the risk of static build-up at nozzles 
has led to semi-conductive hoses and the grounding 
of metallic nozzles used to fill oil and gas tanks. 

An appendix dealing with the safety aspects of 
domestic electrical installations brings this compre- 
hensive treatise to a close. The fact that fuse protec- 
tion is no guaranteee for complete electrical safety 
in the home is stressed. The author summarizes by 
suggesting that if more attention is given to the ade- 
quacy of the consumers protective arrangement, the 
need for large-scale inspection of installations and 
appliances already in use may be minimized. There 
is every indication that, in spite of the pyramiding 
use of electrical equipment, steady progress in elec- 
trical safety will be made. This sentiment is prompted 
by the increased interest in so vital a subject shown 
both by organizations and individual engineers. 

Although this book is intended primarily as an aid 
to industrial engineers in promoting electrical safety, 
the chapters dealing with domestic installations and 
appliances make it an attractive addition to the home 
library. By an appreciation of the more common elec- 
trical hazards that are described, the family man can 
take steps to reduce the likelihood of loss of life and 
property in his home. 


BOOKS RECEIVED 


“Ship and Boat Builder Annual Review 1959”, com- 
piled by the editorial staff of “Ship and Boat Builder”; 
published in 1959 by John Trundell Ltd., St. Rich- 
ard’s House, Eversholt Street, N.W. 1, London, Eng- 
land; 389 pages, 50 shillings net. 

“The Modern Slide Rule”, by Stefan Rudolf, pub- 
lished in 1959 by The William-Frederick Press, 391 
East 149th Street, New York 55, N. Y.; 58 pages, 
$5.00. 

“Electric Motors and Generators”, by E. T. G. 
Emery, F. Harrabin, B. C. Lee, J. H. R. Nixon and 
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E. T. A. Rapson; published in 1959 by Philosophical 
Library, Inc., 15 East 40th Street, New York 16, N. Y.; 
384 pages, $12.00. 

“Automation and Society”, edited by Howard 
Boone Jacobson and Joseph S. Roucek; published in 
1959 by Philosophical Library, Inc., 15 East 40th 
Street, New York 16, N. Y.; 553 pages, $10.00. 

“Concise Dictionary of Science”, by Frank Gaynor, 
published in 1959 by Philosophical Library, Inc., 15 
East 40th Street, New York 16, N. Y.; 546 pages, 
$10.00. 
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CHANGES IN MEMBERSHIP 


ADDITIONS TO MEMBERSHIP 
The Society announces with pleasure that the follow- 
ing have joined its ranks since the publication of the 
May, 1959, issue of the JouRNAL: 


NAVAL Venning, Elias, Jr., LT, USN 
Baird, Robert Criswell, LT, USNR (Ret.) Mail: 115 Northbrook Lane 
Senior Military Sales Engineer Bethesda, Md. 
Pratt & Whitney Aircraft Co. Young, Harold Lawrence, LT, USN 
East Hartford 8, Conn. Mail: 37 Holt Street, Belmont 78, Mass. 


Burke, Michael J., LT, USNR 
Mail: 86 Col. Hunt Drive 


Abington, Mass. 
Adair, Lee Parke 
Dick, William Joseph, LTJG, USN Naval Architect, J. J. Henry Co., Inc. 
Mail: Apt. #6, 116 Chelsea Drive Mail: 19 Hill Street, Midland Park, N. J. 
Charlottesville, Virginia 
Baker, John Hamilton 


Johnston, Donald Hendrie, LTJG, USN Asst, to President, Todd Shipyards Corp. 


CIVIL 


U.S. Naval Nuclear Power Training Unit # 1 Broadway, New York, N. Y. 

National Reactor Testing Station : 

P.O. Box 2469, Idaho Falls, Idaho Butler, David 

Asst. to Executive Vice President 

McGlynn, James F., LTJG, USNR-R Todd Shipyards Corp. 

Design Engineer, Atomic Power Division #1 Broadway, New York, N. Y. 

Newport News Shipbuilding & Dry Dock Co. 

Mail: 118A Burns Street, Hampton, Virginia Connors, John J. ; 

; Chief Engineer, Todd Shipyards Corp. 
Main, George Henry, LT, USNR Columbia and Halleck Streets, Brooklyn 31, N. Y. 

General Engineer, Code 506, Bureau of Ships 

Mail: 9207 Wadsworth Drive, Bethesda 14, Md. Goddard, Langdon S. 


Assistant to President, Todd Shipyards Corp. 
Milano, Vito Rocco, LT, USN # 1 Broadway, New York, N. Y. 
Mail: 123 Columbia Avenue 
Jersey City, N. J. Henry, James J. . 


, : President, J. J. Henry Co., Inc. 
Reilly, John David, Jr. LT, USNR " 21 West Street, New York 6, N. Y. 
Executive Vice President, Operations, 


Todd Shipyard Corp. Hill, Harry Gerald 
Mail: 260 California Street Executive Vice President, Todd Shipyards Corp. 
San Francisco, Calif. # 1 Broadway, New York, N. Y. 

Slawson, Bryce Devan, LTJG, USN Oakley, Owen H. 
Mail: Navy 115, Box #55 Tech. Director, Preliminary Design Branch, 
c/o F.P.0., New York, N. Y. Code 421, Bureau of Ships 

Vallely, John Baker. LY, USNR Mail: 5012 Brawner Road, McLean, Virginia 
Prod. Supt., Reserve Oil & Gas Co. Russell, Linus E. 
Mail: 2905 Glenwood Circle President, Peters & Russell, Inc. 
Bakersfield, Calif. 501 W. Liberty, Springfield, Ohio 
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CHANGES IN MEMBERSHIP 


Scarborough, Walter G. 

Manager, Marine Equipment Sales, 

Central District, General Electric Co. 

Mail: 4966 Woodland Avenue, Cleveland 4, Ohio 
Straley, J. Byron 

Executive Vice President & General Manager, 

Reeves Instrument Corp. 

Roosevelt Field, Garden City, New York 
Weickert, William Nelson 

General Manager, Badger Mfg. Co. 

230 Bent Street, Cambridge, Mass. 
Whelan, Arthur E. 

Treasurer, J. J. Henry Co., Inc. 

Mail: 9 Coursen Way, Madison, N. J. 


Wright, Bruce Remington 
Senior Project Engineer, Test Institute Corp. 
3188 W. 32nd Street, Cleveland 9, Ohio 
Zrodowski, Joseph J. 
Gear Design Engineer, General Electric Co. 
1100 Western Avenue, Lynn, Mass. 


ASSOCIATES 
Fritz, Edward Wilgar, LT (Engr.) USMS 
Application Engineer, Louis Allis Co., 
Milwaukee, Wisc. 
Mail: 1127 S. Layton Blvd., Milwaukee, Wisc. 
Horton, Thomas Frederick 
Hoffman Electronics Corp. 
Mail: 5420 Harwood Road, Bethesda, Md. 
Oliver, Malcolm Percival Charles 
Constructor Lieut., RCNC 
Design, Construction & Maintenance of 
British Ships, Royal Naval College 
Mail: 21 Yew Tree Avenue, Cowplain, 
nr. Portsmouth, Hants, England 


Cullen, Julius Adolph 


Gosnell, H. A.. LCDR, USNR 


Schlueter, August 


Sheets, George 

Swennes, Benjamin A. 
Williams, Robert Ear] 
Yarnell, H. E., ADM, USN (Ret.) 
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JUNIORS 

Beatham, Robert Edward 

Maine Maritime Academy 

Mail: R.F.D. #3, South Brewer, Maine 
Colon, Daniel, Midshipman 

Maine Maritime Academy 

Mail: 977 Intervale Avenue, Bronx, New York, N-Y. 
Gale, Peter A. 

Webb Institute of Naval Architecture 

Mail: 5 Alden Lane, Port Washington, N. Y. 
Gudath, Peter Andrew 

Maine Maritime Academy 

Mail: P.O. 51, Cold Spring Harbor, 

Long Island, New York 
Yourch, Eugene Anthony 

Webb Institute of Naval Architecture, 

Glen Cove, New York 


TRANSFERRED—JUNIOR TO NAVAL 
Green, David Lorance, LTJG, USCG 


REINSTATED 
Andersen, Roland M., LTJG, USNR ............ Naval 
King. Donald C., CAPT, USNR Naval 


Marin, Antonio, RADM, Argentine Navy..... Associate 


RESIGNATIONS 
Miles, Arthur Clark, Vice ADM, USN (Ret) ....Naval 


DEATHS 


Associate 
eo 
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ASSOCIATION NOTES 


ORIGINAL ARTICLES 


The editor of the JourRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon pub- 
lication. Authors are paid from $50.00 to $250.00 depending upon length, interest 
and professional value. Payment is made at time of acceptance. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no 
proof is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, 
so that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing 
is acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the au- 
thor(s). 50 to 100 words for each author is desired. 


Manuscripts should be addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers, Inc. 
1012 14th St., N.W. 

Washington 5, D.C. 


Each author who is subject to the Security Regulations of the Department of 
Defense, is personally responsible for the clearance of an original article before 
submitting it to the Society for consideration. In forwarding manuscripts, a 
statement in this regard should be included. : 


Manuscripts accepted will not be returned unless specifically requested by 
the author. If returned, they will be in the condition which has resulted from 
the work of the printer and the engraver. Immediately following publication, 
the author is furnished 20 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days 
prior to the publication date which is the 25th of the issue month. Estimate of 
cost of additional reprints, which will vary with the nature of the article and 
the number of copies ordered, will be furnished on request as soon as possible 
after the article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JouRNAL 
which has not yet been closed (60 days before publication) and for which suf- 
ficient material is not already on hand. 
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ASSOCIATION NOTES 


8 


PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JOURNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death 
of any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


SOCIETY LAPEL BUTTONS 


We have a new supply of lapel buttons, in the form of the Society’s official 
seal. These may be purchased by any member for fifty cents ($0.50) each. 

By decision of the Council the official coloring of the Society seal is as it ap- 
pears on the cover of this Journal. This is a reversal of the colors on the old lapel 
buttons. The size, one-half inch in diameter, remains the same. 

Any member who wishes to exchange an old button for a new one may do so 
free of charge. Just send in the old button with your name and address, 


PERMISSION TO REPRINT 


All material published in the JourNAL, except the articles which are prefaced 
with an “Acknowledgement,” are copyrighted by the American Society of 
Naval Engineers. 

Permission is granted to reprint any copyrighted material contained herein 
if the following conditions are met: 

a) The article is reprinted in full. Extracts or summaries or condensations 
may be printed with the consent of the author. 

b) Credit is given to the JouRNAL with reference to the issue. 

c) Credit is given to the author. 

d) If the author is a military officer or a civilian employee of the Depart- 
ment of Defense, the following note shall be carried: 

“The views expressed herein are the personal opinions of the author and are 
not necessarily the official views of the Department of Defense or of a Military 
Department.” 
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APPLICATION FOR MEMBERSHIP 


IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 
(See reverse side for required qualifications for various classes of membership) 


Date 

I, __ hereby apply for membership 
in the American Society of Naval Engineers, Inc., and enclose $10.00 as my an- 
nual membership dues for the year ______ $8.00 of which is for a subscrip- 


tion to the JoURNAL OF THE AMERICAN Society OF NAvAL ENGINEERS, INc., for 
one year. I submit the following information: 


For Naval Membership’ 


Name 


(First) (Middle) (Last) 
Rank File No. - 


Business connection and position, if any 


© 


For Civil Membership 


Name 


(First) (Middle) (Last) 
Years in engineering work 


Years in responsible charge of important work 


Present business connection and position 


Recommended by (two members) 


For Associate Membership 


Name 


(First) (Middle) (Last) 


Rank, if Commissioned Officer of U.S. Army 
or of foreign military or Naval service 


Business connection and position 


Recommended by (one member) 


Signature of Applicant 


Address for JouRNAL and Mail 


MAIL TO SECRETARY-TREASURER 
THE AMERICAN SoOcIETY oF NAVAL ENGINEERS, INC. 
Suite 403, Continental Building 
1012 14th St., N.W. Washington 5, D.C. 
Company Memberships Not Available 
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QUALIFICATION FOR MEMBERSHIP 


Commissioned and ex-commissioned officers, warrant and ex-warrant officers, 
and reserve (commissioned and warrant) officers of the Navy, Coast Guard and 
Marine Corps, of the United States, active or retired, shall be eligible as Naval 
Members. Persons eligible as Naval Members shall be admitted upon application 
and payment of annual dues. 


Persons in civil life whose knowledge of engineering is such that they can co- 
operate with Naval engineers in the promotion of professional knowledge may be 
eligible as Civil Members. They shall have been in the active practice of an engi- 
neering profession for at least eight years and in responsible charge of important 
work for five years, and shall be qualified to design as well as to direct engineering 
work, Fulfilling the duties of a professor of engineering who is in charge of a de- 
partment in a college or school of accepted standing shall be taken as an equivalent 
to an equal number of years of active practice. Graduation from a school of engi- 
neering of recognized standing shall be considered as equivalent to two years of 
active practice. Persons eligible as Civil Members may be admitted upon applica- 
tion and payment of annual dues, provided that the application is accompanied by 
the recommendation of two members and provided that the application shall receive 
the approval of a majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who are espe- 
cially interested in naval matters or the merchant marine may be eligible as Asso- 
ciate Members. Commissioned officers of the United States Army, United States Air 
Force and of foreign military and naval services may be eligible as associate mem- 
bers. Persons eligible to associate membership may be admitted upon application 
and payment of annual dues, provided the application has the recommendation of a 
member and provided the application shall receive the approval of a majority of the 
Council, except that in the case of commissioned officers of the United States Army, 
of the United States Air Force, and of foreign naval and military services, the rec- 
ommendation of a member will not be required. 


Undergraduates at schools to be named by and under regulations to be issued by 
the Council shall be admitted as Junior Members at one-half the dues of regular 
members during their course and for one year following graduation, after which 
time junior membership will be terminated, the member to have the privilege of 
transferring to regular membership in the appropriate category. 


Associate and Junior Members shall be entitled to all the privileges of other mem- 
bers except voting and holding office. 


The annual dues shall be $10.00, payable on 1 January in advance, of which $8.00 
shall be for subscription to the JOURNAL of the American Society of Naval Engi- 
neers, Inc., for one year. 


COMPANY MEMBERSHIPS NOT AVAILABLE 
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Secretaries of the 
AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


Captain J. E. Hamilton, U. S. Navy Retired, Secretary-Treasurer 
Captain Robert B. Madden, U. S. N. Assistant Secretary-Treasurer 


1889 ©P.A. Engineer R. S. Griffin, U. S. Navy 


1890 Assistant Engineer W. M. McFarland, U.S. Navy 


1891 Assistant Engineer Emil Theiss, U.S. Navy 
1892-93 P. A. Engineer W. M. McFarland, U. S. Navy 
1894-95 P. A. Engineer R. S. Griffin, U. S. Navy 
1896-97 P. A. Engineer F.C. Bieg, U. S. Navy 

P. A. Engineer W. M. McFarland, U. S. Navy 
Chief Engineer A. B. Willits, U.S. Navy 

Lt. Cmdr. A. B. Willits, U.S. Navy 
Lieutenant B. C. Bryan, U.S. Navy 
Lieutenant C. W. Dyson, U. S. Navy 

Lt. Cmdr. John R. Edwards, U.S. Navy 
Lieutenant M. E. Reed, U.S. Navy 
Lieutenant W. W. White, U. S. Navy 
Lieutenant C. K. Mallory, U.S. Navy 
1907-08 Lt. Comdr. T. C. Fenton, U.S. Navy 

1908-10 Lieutenant H. C. Dinger, U. S. Navy 


Commander U. T. Holmes, U.S. Navy 
Lieutenant John Halligan, U. S. Navy 
Lt. Comdr. E. L. Bennett, U. S. Navy 
Lieutenant O. L. Cox, U.S. Navy 


Lt. Comdr. H. C. Dinger, U. 8. Navy 


Past Secretaries 


1915-16 Lieutenant A.T. Church, U.S. Navy 

1917. ‘Lt. Comdr. J. O. Richardson, U. S. Navy 
1917-19 Lt. Comdr. F. W. Sterling, U. S. Navy 
1919-21 Commander J. S. Evans, U. S. Navy 
1921-23 Commander S. M. Robinson, U. S. Navy 
1924-25 Commander Bryson Bruce, U. S. Navy 
1926 Commander A. M. Charlton, U.S. Navy 
1927-28 Commander H. B. Hird, U. S. Navy 

1928 Captain O. L. Cox, U. S. Navy 

1929-30 Commander H. T. Smith, U.S. Navy 

1931 Captain O. L. Cox, U.S, Navy 

1932 Commander H. F. D. Davis, U.S. Navy 
1933-34 Commander H. B. Hird, U. S. Navy 
1935-36 Commander C. S. Gillette, U. S. Navy 
1936-38 Commander Roger W. Paine, U. 8S. Navy 
1938-40 Lt. Comdr. Guy Chadwick, U. S. Navy 
1940-44 Captain J. E. Hamilton, U.S. Navy 

1945 Commander R. T. Sutherland, Jr., U. S. Navy 


1945-48 Captain F. W. Walton, U.S. Navy 


1948-51 Captain J. E. Hamilton, U.S. Navy 


Past Assistant Secretaries 


1939-40 Lieutenant Milo B. Williams (C.C.) U. S. Navy 
1941-44 Lt. Comdr. Robert T. Sutherland, Jr., U.S. Navy 


1945 Captain F. W. Walton, U.S. Navy 


1945-47 Commander Floyd B. Schultz, U.S. Navy 
1947-49 Commander C. H. Meigs, U.S. Navy 
1949-50 Commander Frank C. Jones, U. S. Navy 


Clerk and Administrative Assistant 


1908-58 Mr. Arthur G. Fessenden 
1958- Miss Ruth M. Leonard 
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